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for ALL your instrument needs 


One standard basic instrument with almost infinite variants to 
cover the entire field of industrial measurement and control—that 
is what the KENT progressive design policy of parts-standardization 
and unit construction offers you, the user, in the Commander series. 
Add the advantages of vastly simplified maintenance, servicing and 
spares-stocking problems . . . and you have the formula for an 
entirely new standard of versatility, accuracy and dependability in 
plant instrumentation. 

Since it is impossible to indicate the number of combinations and 
permutations of measurement, function and range possible with 
Commander instruments, please write for brochure, ‘** Commander 
Class Instruments and Controllers,’ or telephone Atomic Energy 
Contracts Dept. (Luton 2440, Ext 193) for an estimate. 





Commander 


THE COMPLETE INSTRUMENTATION SYSTEM 
GEORGE KENT LIMITED, Luton, Bedfordshire, England. Telephone: Luton 2440 


Factories, Subsidiary Companies and Branch Offices in London « Resolven - Hitchin - Toronto : Montreal - Vancouver * Melbourne 
Sydney * Johannesburg « Salisbury * Penang - Bangkok - Brussels - Krefeld - Vienna. 
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against radiation is a subject 
of constant research, and the need for skilled 
engineering in the manufacture of suitable 
protection methods will grow as 
Nuclear Power is more widely applied. 


SHIELDINGS 


without cavity voids, require skilled 
techniques for their manufacture. In the forefront 
of modern practice are JENKINSONS 
who are widely known for a high degree 
of skill in these directions. 





W. G. JENKINSON LTD. 


ARUNDEL ST; SHEFFIELD 1 
"Phone 27438/9 


NUCLEAR POWER November 1958 














LS TUT el f-3- 0 i lel i -Ta 


THE JOURNAL OF BRITISH NUCLEAR ENGINEERING 





NOVEMBER 1958 VOLUME 3 NUMBER 31 
en IONS oi cac sass ss ceurchwesen A. H. David Rowse MA (Cantab) 
A ee eee W. Caldwell Davidson MSc (Eng) DIC 
eee ree on ee ee Patricia May BSc 
tls cian lic aa lar dianiygiolw. la weno derale Soa ea el John Woodeson BSc (Eng) 
EDITORIAL ASSISTANT. cc cccccccccccccccccccceccccesesccsceees Angela Funnell 
PHUMUCTINT MERA S 600 sch ciccscccaesas The Hon Gerald Vane BA (Cantab) 


NN SID 6.005 sarsnvinewen dc denen cnencecusebeNeaee Gerald Withers 
a a eee) oe ere Sree Lionel A, Philips 
SB MP pions -E, A. Hutcheson 


CONSULTANT EDITORS 


INSTRUMENTATION............ Denis Taylor PhD, MIEE, FinstP, Northampton 
fo, ME TT CE CET Oe REE re ee te James F. Hill BSc, Harwell 
Go ons Sinus cise a awaee emanate Prof J. G. Ball BSc, FIM, London 
Pc acactecctuacseusee ce ene A. G. Maddock MA, PhD, DIC, Cambridge 
ADVERTIGEMENT: DIRBCTOR ..n...c.6000 G5. ccceccocnsiess Harry T. Kane 
Se Cs 60:56 6.6 6 60 cevecanncratiesesccmeecusewe’ John Abram 
I IEICE oir cles stews en cuudeetoutcenseceuwes Trevor N. Bertram 
6 hag. Pete’ o.mekppaecemean Geaneweeewa wen Harry C. Aikin 
II, III 051670 9:4'4'4:6/0'S a0 atu. 6 61a" Was a plated ARE aa a as aR Peter Doig 
ee, STE e ETS Tee ee ee Walter J. Masterson Jr 

Pox 206, Essex, Conn. tel: South 7-1838 
CLASSIFIED ADVERTISEMENTS. 2.05 cccccccvccccccccccscccccccccccess Barry Gibbs 


IN THIS ISSUE 
SURVEY REPORT 


International symposium on nuclear electronics 530 
Denis Taylor and G. D. Smith, Plessey Nucleonics Ltd 
MORE FROM GENEVA 
Nuclear ship propulsion 535 
K. Maddocks, Yarrow Admiralty Research Department 
Economic aspects 541 
G, Fa Shears, Risley 
Research and test reactors 546 
H. Rose, Harwell 
Water-cooled reactors 553 
a recorded discussion 
SPECIAL FEATURE 
Environmental monitoring for beryllium 549 
R. O, R, Brooks, Harwell 
PROGRESS IN INDUSTRY 
Making silicon transistors 558 
Texas Instruments bring new techniques to U.K. 
Beryllium fabrication problems 559 
Development work by Tube Investments 
REGULAR FEATURES 
Publisher’s Column AS7 Book Reviews 564 
Letters AS9, A61 Point from Papers 567 
Leader A63 Names in the News 570 
Worldview 525 Catelogues & Bulletins 570 
New Product Survey 554 Ideas from Patents 572 
Cross-Section Gracchus 557 Research Reports 574 
Industrial Newsdesk 561 Diary 574 
ROWSE MUIR PUBLICATIONS LIMITED 


3 PERCY STREET LONDON, wi MUSEUM 8252 





CON-TEN 


constant tension 
supports 


FOR LOADS UP TO 8 TONS 
PIPE MOVEMENTS UP TO 18” 
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High-pressure steam piping is subject to 
wide variations in temperature, which pro- 
duce considerable expansion and contraction. 
Unless the pipe supports can absorb and 
compensate for this movement, severe 
stresses are set up which may result in 
fracture. The “Con-Ten” Pipe Support is 
designed to cradle any type of piping with 
constant tension under all conditions, 
throughout the range of movement. “Con- 
Ten” is installed, with eminently satisfactory 
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results, in power stations, oil refineries, 
chemical and industrial plants throughout 
the world. 


British Patent No. 474008, 720074, 720075, 697987, 65318 
U.S.A. Patent No. 2129320 








Ferrybridge ‘B’ Power Station, Central Electricity Gener- 
ating Board, Yorkshire Division. H.P. Steam pipes supplied 


and instalied by Stewarts and ze@E. 4 


2800 





Leibfried Red Top Pipe Conventional type “Con- Duplex “ Con-Ten” Supports 
Supports for load from 100 to Ten” Supports for loads of up forloads of up to 8 tons witha 
$,000 Ibs. and total travel of 3°, to 2 tons with a total vertical total vertical movement up to 12”. 

movement up to 12”. This type is acknowledged as one 
which produces minimum friction 
and kinematic variation. It has 
been specially designed for any 
applications where exceptional 
accuracy is demanded, 


From graph it can be seen 
that the maximum friction is 
equivalent to 2.17% of the applied 


load. DUPLEX ‘CON-TEN’ SUPPORT 


BRITISH INDUSTRIAL 


ENGINEERING GCOMPANY (STAFFS) LIMITED 


CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. 
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PHILIPS 


quality controlled 


CTRAIN GAUGES 


examples from a range wide enough 
to cover all applications 








Philips Strain Gauges are supplied 
in packets of twelve matched gauges 
— a unique feature which ensures 
consistent results in use. For 
Philips Strain Gauges, designed 
~4 by specialists, are in large scale 





production in a unit devoted solely 
to this manufacture. Rigorous 
quality-control makes sure of 








PHILIPS accuracy, consistency and reliability. 
e ° eae ° 
ss The wide range of Philips Strain 
PRO2I9 Gauges covers every application, 


and the recently introduced 





high temperature series have 


opened fresh possibilities. 


WO OTHER STRAIN GAUGE 
72 MADE WITH SUCH PRECISION £ 


PLEASE WRITE FOR LITERATURE 


PHILIPS 

J soe vivwiowors ~ RESEARCH & CONTROL INSTRUMENTS LID 
=, in U.K. Instrument House - 207 King's Cross Road - London W.C.1 
Deke Telephone : Terminus 8444 


(RCLO369) 
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easy access to the interior 


Worthington-Simpson single and two-stage horizontal split-casing 
centrifugal pumps are available in capacities from 15 to 15,000 G.P.M., 
heads up to 550 feet depending upon capacity. Suction and discharge 
nozzles are integral with the lower half of the pump, and the upper 
half can be removed without disturbing shaft alignment or connections. 
These pumps will operate in series with any type of drive and are 
particularly suitable for applications where high efficiency and low 


maintenance costs are required. 
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Type L 
SINGLE-STAGE 
VOLUTE PUMP 


Worthington - Simpson Ltd NEWARK NOTTS 
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Rotor Shafts 
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Pipe 


World famous for every kind of pipe fabrication in 
a wide variety of materials, STEELS and LOW'S are 
producing installations of exceptional quality and 
accuracy - for the marine, chemical and oil 
industries, the great nationalised industries, and 
atomic energy projects. 












“ wath one | 
View of one of our pipe fabrication shops. Modern 
manipulators in foreground. 
















Aluminium alloy cargo line piping, 8”nom. bore x 4 SWG 
thick, flanges 3° thick 


Pipe layouts are speedily prepared from site 
measurements and drawing details, backed by comprehensive 
metallurgical and testing laboratory facilities. 

Fabrication methods include all new and established 
principles of manipulation, welding, flanging and 

screwing in all materials normally used in the 

manufacture of tubes. Fabricated to British and 

American standards. 


Special mild stee! pipework for high pressure hot water 


PANBIAUICHANIIOIN mame 


STEELS ENGINEERING 
INSTALLATIONS LTD., Sunderland, 


and their Associates ARCHIBALD LOW & SONS LTD., Glasgow. 
HOME & OVERSEAS SALES OFFICE: 143 Sloane St., S.W.1. 
Tel: Sloane 6178 


STEEL 





Modern weil appointed mechanical laboratory ensures 
@ high standard of prefabrication 
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The new 231 R Computer N EW 


can hold up to 100 

amplifiers and other bb | PAC E 55 
related non-linear equip- 

ment. New removable patch 

panel greatly speeds ANA ele 
programming. Optional 

items include digital 


potentiometers and ADIOS COMPUTER 
(automatic digital 


input-output system) 


hee SE OTR ES 


dm 
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. with highest precision : 0,01 0/0 


Dataplotter 1133 A. 131 R Analog Computer Eight Channel Rectilinear Variplotter 1100-D. 
Recorder 1902-D. 
Electronic Associates, Inc. has been the world’s 
leading producer of Analog Computers and Plotting 
Equipment or over 5 years. For further information 
on their PACE Equipment the European Sales Office 
and Computation Center at Brussels is ready toassist 


European Industry 


Rental facilities at European Computation Center in Brussels. 
Electronic Associates Application engineers are available to 
assist clients with their problems. 


sacreie PELECTRONIC ASSOCIATES, INC. 


EUROPEAN SALES OFFICE AND COMPUTATION CENTER 


43, rue de la Science - Brussels - Belgium - Tel. 11.43.69 
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CHANCE-PILKINGTON 
high energy radiation 





SHIELDING 
GLASSES 








are now used by the Atomic Energy Authorities in 
THE UNITED KINGDOM - FRANCE * BELGIUM - NORWAY 
SWEDEN * DENMARK ° INDIA « AUSTRALIA 

and many other countries will shortly be supplied. 


They are also used in a great many hospitals, 
research laboratories, and Universities, for 
protection against gamma radiation. 
Comprehensive technical information 

is available on request. 


Shielding glass blocks up to 4ft. 6 inches 
x 3ft.x 6 inches thick, framed and 

ready for installation, will be available 
shortly. 





DENSIT TOTAL VISIBLE MAXIMUM 
REFRACTIVE pik TRANSMISSION VOLUME AFTER 
INDEX (D) PER CC FOR THICKNESS GRINDING AND 
= —_—_— POLISHING 





OW7 i 4.3 . 79% y 1,000 cu. ins. 
(stabilised) 


927210 6.1 550 cu. ins, 


ows 6.1 \ 49% ‘ 550 cu. ins, 
(stabilised) 








(Stabilised glasses are resistant to darkening 
under the influence of high energy radiation) 





REFRACTIVE DENSITY | LEAD 
GLASS TYPES INDEX  GRAMMESPERCC EQUIVALENT 





Lime Soda 1.52 2.5 | 0.22 
(stabilised) 
Lime Soda 1.52 2.5 0.22 
(unstabilised) | 
EDF Lead Plate 1.70 4.3 0.38 
(stabilised) | 


EDF Lead Plate 1.70 4.3 0.38 
(unstabilised) 








CHANCE-PILKINGTON OPTICAL WORKS 


PILKINGTON BROTHERS LIMITED, 
GLASCOED ROAD, ST. ASAPH, FLINTSHIRE, 
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RANGE. STAINLESS 
STEEL. NICKEL =. 
TITANIUM, LOW 


F 


ILLUSTRATION SHOWS A FABRICATION IN 12: ¥e' AND I Al l 0 Y STEELS. 


ALUMINIUM PLATE SPEC N6, WELDED BY THE ARGON 
ARC AND ARGONAUT PROCESS 





... + in ALUMINIUM. 
ALUMINIUM ALLOYS, 
FULL RANGE OF HEAT- 
RESISTING STEELS 
INCLUDING THE NIMONIC... 


CARBON STEELS AND 





BURNLEY AIRCRAFT PRODUCTS LTD 
INDUSTRIAL WELDED FABRICATIONS DIVISION 





be 





Fulledge Works — Burnley —_ Lancashire — __ England 
Telephone : 3121/2 and 3203 Burnley (3 Lines) Telegrams : “‘Aircraft’’ Burnley 
INDUSTRIAL FABRICATIONS DIVISION: Grosvenor St. Stoneyholme, Burnley. Telephone: 3184 
AIRCRAFT REPAIR DIVISION: Britannia Works, Queensgate, Burnley. Telephone: 4102 4 
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Power to light a city... 


. » » When ‘‘ Acheson” slows the neutron 





Out of the atom comes power—power for peace—power for industry— 
power to light our great cities. 

The tremendous speed of fission particles must be greatly reduced so that 

man can harness their energy. To achieve this in the Calder Hall Reactors 
specially pure “‘Acheson” graphite is used as a moderator. 

In close collaboration with the United Kingdom Atomic Energy Authority, 
5,000 tons of “‘Acheson”’ Graphite conforming to an exceptionally strict 
specification for purity were supplied from current output for the Calder Hall 
‘A’ Reactor. This project demanded considerable production capacity backed 
by the highest technical skills and experience gained from many years 
producing “Acheson” graphite for the British Chemical, Electronicand . | 
Metallurgical Industries. 

Now at the threshold of a New Age of Atomic Power, British Acheson are 
already ahead with immense expansion programmes to provide ‘‘Acheson”’ 
graphite for the new demands of Atomic Energy. In 1958 present capacity at 
Sheffield works will be increased by 200 per cent. 

British Acheson Electrodes Limited is continuing to anticipate the changing 
trends and new demands of British Industry. 





The term Acheson is a registered trade mark 





ACHESON Ta 








BRITISH ACHESON ELECTRODES LIMITED - WINCOBANK ~- SHEFFIELD - PHONE: ROTHERHAM 4836 
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A new way with Pistons 





Wilmot Breeden have recently developed 
a method of cold working (drawing and 
rolling) shells to close tolerances and 
high surface finishes. Applied to the 
quantity production of precision com- 
ponents, formerly machined from bar or 
forgings, it provides striking economies 
and high output rates. 

If you have an application for this new method 


we should be pleased to investigate and advise. 





Wilmot Breeden are skillea 


The piston illustrated here has a diameter 
of 1.4”. It is cold drawn from sheet steel, 
and the neck and spherical end are 
produced by rolling. Surface hardness is 
750 VPN. The benefits from this 

process are a substantial saving in 
materials and manufacturing time, and 
freedom for the designer to secure the 
maximum effectiveness and utilisation 

of material, through the maintenance 


of grain flow and structure. 


The illustration is by courtesy of Joseph Lucas 
(Hydraulic and Combustion Equipment) Ltd. 


in metal manipulation 


Wilmot Breeden Ltd, Birmingham 1. 
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THE WORLD FAMOUS 


ERHARD 
VAL Vo 





known for their Design, Precision and Quality for more than 80 years. 


SOLVE ALL PROBLEMS. 
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JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 388] Cable- Erhardarmaturen 





For all information write to 


The Sole Agents for the United Kingdom 


ALK. STARCK’S CO. LT D. 22, Chancery Lane London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 
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AS A ROCK 


—ADJUSTABLE AT WILL 


Unistrut concrete inserts permit rapid completion of site costs. Easy access for maintenance, or for additions to 
heavy piping and electrical installations. Large savings the installation, provides further economies in service. 
are evident both at the planning stage and in actual on- Please write for illustrated details. 


Unistrut concrete insert lightly fixed 

> shuttering. When concrete is 
poured, the special anchors at the back 
of the channel make it an integral part 
| of the structure. 


} 
| 





| 





Unistrut fittings can be attached as 


soon as the shuttering is struck. Card- Section through a complete assembly 
board closer strip, protecting inside of Inserting self-locating Unistrut nuts by I shows its box-section strength. Serrated 
channel from stray concrete, is easily which fittings are quickly and securely grooves in the nut grip the channel 
removed. attached at ony point of the insert. edges firmly. 








— 1 —__—__—__—___ 


Unistrut concrete inserts another feature of the Unistrut Steel Channel Framing System 
— for piping, racking, electrical installation and all framing applications. 
43-45 Broadwater Road, Welwyn Garden City, Herts. Telephone: Welwyn Garden City 5406 


— London Office: 46 C Street, London, E.C.4. 
Divi S| on of SA N KEY-SH ELDON Ltd > 2 ct np-*4 ar thane H Sestak Cannon-London. 
UNI 27 
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In a new world of industrial endeavour where ideas may 
evolve and succeed each other even before prototypes become 
production units, it can be comforting to know that a central- 
ised organisation exists to advise and channel enquiries for 
nuclear equipment. 

AINECO combines the resources of a group of companies 
with over seven years experience of varied nuclear projects. 
Enquiries to ANECO lead to contact with the appropriate 
production unit within the group, saving time and simplifying 
procedure in the initial stages for all concerned. ANECO is 
thus the focal point from which to start ; whether you require 
pilot plant or equipment trom fine precision components to 
1o-ton fabricated units. The majority of the equipment pro- 
duced by ANECO can be to Harwell specification. 


GLOVE AND DRY BOXES | ELECTRONIC EQUIPMENT 
ELECTRO-MAGNETS | ELECTRICAL CONTROL DESKS AND PANELS 
PRESSURE AND VACUUM VESSELS | LAMINATED PLASTICS 
FURNACES | SIGNS, DIAGRAMS AND LABELS 
REACTOR COMPONENTS | VACUUM AND FIBREGLASS MOULDINGS 
HANDLING TONGS | PRINTED CIRCUITS 


The co-ordinating force for nuclear projects 


Linear Accelerator for A.E.R.E., Harwell. 
High intensity 500,000eV injector 

for 50 million eV proton linear accelerator, 
delivering pulse beam currents 

approaching 20mA. 


AYLING NUCLEAR EQUIPMENT CO. 


Consulting Organisation for 


H. & E. LINTOTY LTD. — 


. 





’ 
BRIBOND LTD. 


Tick No 18 on reply card for further details 


HAMBLING INDUSTRIES LTD. 
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SLEEVE-PACKED 
COCKS FOR 
' NUCLEAR ENERGY 





The illustration shows one of the 
many Sleeve-Packed Cock mani- 
fold units installed on the CO, 
heat transfer system at Calder 


{ 


Hall. Samples of gas from the 





various circuits are continually 
being passed through these cocks 
to a precipitation unit and radia- 
tion detection gear. Should this 
equipment reveal the presence of 
any radioactive matters in the 
CO,, the defective circuit can be 
immediately isolated. 


ET Me SOT ek. = 


RICHARD KLINGER LIMITED 


KLINGERIT WORKS - SIDCUP - KENT - ENGLAND 


Telephone: Foots Cray 7777 Cables: Klingerit 
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Collaborative 


Pioneering .: « 


. . by Birmetals Limited and the United Kingdom Atomic 
Energy Authority in the large scale production of Magnox— 
a special magnesium alloy—resulted in its use to can 

the fuel elements for the Calder Hall reactors. 

Similar collaboration between Birmetals, the U.K.A.E.A, 
and the commercial constructors of nuclear power plants 

is ensuring continued development in this and 


other allied metallurgical fields. 


BIRMETALS | 


PIONEERS IN LIGHT ALLOYS 


BIRMETALS LIMITED * WOODGATE WORKS * BIRMINGHAM 32 
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RADIOISOTOPE 
LABORATORY 
TECHNIQUES 


by R. A. FAIRES and B. H. PARKS 
(Isotope School, A.E.R.E., Harwell) 


A practical manual describing the methods and 
techniques which have been developed for using 
radioisotopes in all kinds of laboratory work. 
The book is based on the author’s practical 
experience. Mr. Faires is head of the lsotope 
School, A.E.R.E., Harwell, and has had unique 
experience in handling radioisotopes. His 
colleague, Mr. Parks, specialises in instrumenta- 
tion for the detection and measurement of 
radiation. With a foreword by Dr. Henry 
Seligman, Head of the Isotope Division, A.E.R.E., 
Harwell. Over 90 diagrams and four half-tone 
plates. 256 pages. (A Newnes Practical Science 
Book). Demy 8vo. 25s. 


URANIUM 
AND 
THORIUM 


by L. GRAINGER, B.Sc., A.1.M. 


(Chief Metaliurgist R. and D. Branch, 
U.K.A.E.A., Risley) 


Deals with the occurrence of uranium and 
thorium, prospecting methods, physical and 
chemical properties, processing methods, and 
the fabrication of fuel elements. This book will 
be of wide and growing interest to all concerned 
with the production of fissionable materials and 
their applications as energy sources. The 
information contained in this book is based on 
prospecting and development work which has 
been done recently in all the countries 
concerned. 212 pages. Illustrated. (A Newnes 
Technical Survey). Demy 8vo. 25s. 


The following are immediately available from all bc okse 


NUCLEAR 
ENERGY 
IN INDUSTRY 


by J. G. CROWTHER 


A book for the technician and the laym n in 
industry. This work gives some impressicn of 
what is afoot and shows the reader wi at is 
happening in the new world of nuclear p wer 
The chapter headings themselves indicate how 
vitally this subject will be affecting all © our 
lives—The Impending Revolution; What is 
Nuclear Energy ?; Various Kinds of Reactor; 
Nuclear Power; Isotopes in Industry; Winning 
Uranium; The New Metallurgy and Technology 
With over 100 photographs and diagrams of 
plant and equipment. 176 pages. Demy 8vo 
17s. 6d. 


RADIOISOTOPES 
-A New Tool 
for industry 


by SIDNEY JEFFERSON, B.Sc., A.C.G.1. 


Written by the leader of the Technologica 
Irradiation Group, Isotope Division, Harwell— 
with a foreword by Dr. Henry Seligman—the 
first part of this book gives clear, informative 
information on the practical applications of this 
new aid to industry. This covers radioactive 
markers; the detection of leaks; checking the 
thoroughness of mixing; level and density 
gauges; radiography and autoradiography; fission 
products, etc. The second part describes the 
elementary fundamentals of radioactivity for 
those who wish to learn more of this important 
branch of nuclear science, including atomic 
structure; atomic energy and atomic piles; 
transmission and detection of the radiations; 
health precautions. Cr. 8vo. 17s. 6d. 


Published by & 
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Ré DIATION 
CC UNTERS AND 
DETECTORS 


by C. ©. H. WASHTELL 
(Labgear Ltd.) 


This book has been written specifically for the 
ever-increasing number of workers faced with 
the use of counting devices in the variety of 


applications of radioactive techniques now 
finding their way into many research and 
industrial tasks. It includes a historical survey 


and chapters on the atom structure; radiation 
detectors; Geiger-Miller tubes; dosimetry, etc. 
For the technologists as well as providing an 
introduction for those with only an elementary 
knowledge of physics. 128 pages plus 16 pages 
of half-tone illustrations. (A Newnes Practical 
Science Book). Demy 8vo. 21s. 


DISPOSAL OF 
RADIOACTIVE 
WASTE 


by K. SADDINGTON, M.Sc., F.R.1.C., and 
W. L. TEMPLETON, B.Sc., M.I. Biol. 


This book is intended for those engaged in the 
handling of radioactive materials, for those in 
medicine, research and industry using radioactive 
isotopes and for the general reader interested in 
atomic energy (sanitary engineers too will find 
it of interest because of the discharge of some 
of this material into the normal sewage system ). 
It covers the formation and nature of radioactive 
waste; the biological effects of radiation; 
discharge to the natural environment; treat- 
ment of air-borne wastes; treatment of liquid 
effluent; disposal methods for solid wastes; the 
utilisation of individual fission products and 
future problems and their solutions. 112 pages 
plus 8 pages of plates. (A Newnes Technical 
Survey). Demy 8vo. 17s. 6d. 


EWNES LIMITED 





HANDBOOK OF 
THE ATOMIC 
ENERGY 
INDUSTRY 


SIDNEY JEFFERSON, B.Sc., A.C.G.1. 
(Consulting Editor) 


This volume puts at the disposal of those 
directly connected with atomic energy and 
those in the many industries affected by its 
development a valuable source book of 
information on every aspect of this rapidly 
expanding science. Details are given of the 
organisation of atomic energy authorities in this 
country and throughout the world as well as 
specialist information on education and training; 
development; nuclear fuels and reactors; aircraft 
and marine’ propulsion; reactor physics; 
research; radioisotopes; industrial and biological 
uses, etc. Illustrated with about 272 pages. (A 
Newnes Industrial Handbook). Demy 8vo. 
35s. 


RADIATION 
HAZARDS AND 
PROTECTION 


by D. E. BARNES, G.M., B.Sc., A.M.1.E.E., 


A.lnst. P., 
and DENIS TAYLOR, M.Sc., Ph.D., 
M.1.E.E., F.inst. P. 


An invaluable book for all who work with 
radioactive materials or radiation generators, 
health physicists and those, not necessarily 
scientists, who want an understanding of what 
radiation is about. There are detailed chapters 
on the effects of radiation on the human system; 
permissible doses; measurement; shielding; 
personal protection; contamination monitors; 
air sampling; waste disposal; transport of 
radioactive materials, etc. A final chapter 
discusses hazards arising from atomic warfare. 
About 200 pages with 50 line illustrations and 
8 pages of half-tones. (A Newnes Technical 
Survey). Demy 8vo. 30s. 











THE 
NUCLEAR 
HANDBOOK 


0. R. FRISCH, 0.B.E., F.R.S. 
(Consulting Editor) 


This new-era work provides condensed and 
tabulated information for day-to-day reference 
by nuclear scientists. It has been compiled, 
assembled and written by a panel of over 20 
authoritative, specialist contributors in the 
various fields of nuclear science and covers 
among other matter elements and isotopes; 
natural radio-activity; materials; accelerators; 
X-rays and Gamma rays; neutrons; fission 
products and transuranic elements; reactors; 
chemistry; ion chambers and counters; elec- 
tronic circuits; deflection techniques; cloud and 
bubble chambers; nuclear emulsions and 
reactions. There is also a special chapter on the 
U.K.A.E.A. and the book will consist of 
approximately 624 pages. Cr. 8vo. 50s. 


NUCLEAR 
REACTORS 
FOR POWER 
GENERATION 


Edited by E. OPENSHAW TAYLOR, 
B.Sc., D.1.C., M.1.E.E., M.Amer.1.€.E., F.R S.E. 


This is the fourth book based on a seris of 
Advanced Lecture Courses delivered at the 
Heriot-Watt College, Edinburgh. The curse 
of lectures upon which the present volume of 
“Nuclear Reactors” is based was _ inte..ded 
primarily for that increasingly large group of 
engineers who will be closely associated with 
the building and operation of nuclear power 
stations without necessarily being responsible 
for their actual design. 152 pages. Demy 8vo, 
21s. 





Please supply me with the NEWNES books ticked below :— 


These 
books are 


(Bookseller ) 


RADIOISOTOPE LABORATORY TECHNIQUES 25s. 


NUCLEAR ENERGY IN INDUSTRY 
URANIUM AND THORIUM 25s. 


17s. 6d. 


obtainable 


RADIOISOTOPES—A New Tool For Industry 17s. 6d. 


RADIATION COUNTERS AND DETECTORS 21s. 

HANDBOOK OF THE ATOMIC ENERGY INDUSTRY 35s. 
DISPOSAL OF RADIOACTIVE WASTE 
RADIATION HAZARDS AND PROTECTION 30s. 


THE NUCLEAR HANDBOOK 50s. 


FROM 
ALL 


17s. 6d. 


NUCLEAR REACTORS FOR POWER GENERATION 21s. 


Name 


Address 


BOOK 
SELLERS 


In case of difficulty write to the publishers :— 


GEORGE NEWNES LIMITED 
Tower House, Southampton Street, London, W.C.2. 


Printed in Englanét 
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HAVE YOU A 
NUCLEAR 


ENERGY 
PRODUCTION 
PROBLEM? 


For instance— 
like the Transport 
Container illustrated 
here which is shielded 


with lead and 
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weighs 14 tons: 


> ae 
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— 
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4 or 
/ 
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like this fragile Graphite 


Spring and other components 


Y 
which weigh only a few grammes. 


IF SO, the skill and experience of our engineers is at 


your service. . 
aS 


(wv Y 

| YY YUP OARS 

UY UY YY UY Oper 
GRAM IN UE ER] MANUFACTURING CO., LTD. PY 


FAREHAM ROAD, GOSPORT, HANTS. FAREHAM 2511 


Also specialists in: 
Industrial Expiosion Protection, Airborne Fire Protection Equipment , Thermostats and Overheat Switches. 
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The Design and Development Laboratories of 


ELECTRO-HYDRAULICS LIMITED 


offer their services in solving your 


SYSTEMS DESIGN PROBLEMS 


Hydraulic and Pneumatic— 


Remote Handling Equipment Actuating Cylinders 
Machine Tool Controls Control Valves 
Servo Controlled Systems Solenoid Valves 
Linkage Mechanisms Shock Absorbers 


ELECTRO-HYDRAULICS LIMITED . WARRINGTON 
TELEPHONE WARRINGTON 35241 


MEMBER OF THE a OWEN ORGANISATION 
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‘MPROVED EFFICIENCY FOR NUCLEAR POWER WITH 


TA <= DARWINS_— 
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recision 
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CASTINGS 
E+ ir “Fie » Gs 4 | 


= ene Manual Selector cocks assembled In 
AN » the base ring of the fission product 

\ precipitators for Gas Monitoring 
equipment at Berkeley Power Station. 


























MANUAL SELECTOR COCKS WERE PRODUCED 
BY THE DARWINS TRU-PROCESS PRECISION CASTINGS METHOD 


TO 5 








owns} DARWINS LTD * SHEFFIELD * ENGLAND 
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110-ton Morris crane is here 
shown being lowered on to the crab 
frame. Behind the drum is the crab 
traversing gear and the auxiliary 
lifting gear which in this instance 
is for a capacity of 10 tons. The 
crane was despatched to a power 
station in India—one more to the 
long list of Morris cranes already 
giving reliable service in power 
stations all over the world. 


MORRIS 


HERBERT MORRIS LTD ‘ P.O. Box 7 . LOUGHBOROUGH ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 


qu. > 


vn @ 
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Si ¥ XS HE massive rope drum for a 
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NEWALLS INSULATION CO. LTD., Head Office: WASHINGTON, CO. DURHAM, ENGLAND 
A member of the TURNER & NEWALL ORGANISATION 


Agents and vendors in most markets abroad. 
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THE RAWLPLUG COMPANY LIMITED, CROMWELL ROAD, 


A274 





For firm Screw Fixings. The 
specially treated fibrous construction of 
the Rawlplug provides the most effective 
stronghold for wood-screws in any 
masonry. The simple method of making 
the hole, inserting the Rawlplug and 
driving home the screw enables firm 
fixings to be made quickly without mess 
or damage to walls or decorations. Sizes 
are from the tiny No. 3 to the 1” 
diameter No. 30. 

On the occasions where a metal plug is 
preferred or advised, such as for wet or 
acid situations, there is the choice of 
Rawlplug Screw Anchors or White 
Bronze Plugs, but for these Cadmium 
plated screws should be used. 


Heavy Duty Fixings. RAWLBOLTS 
are expansion bolts which only require a 
hole in the masonry in the same way as 
a Rawlplug. By turning the bolt the 
metal segments are locked within the 
hole and the fixing will take very heavy 
loads with complete safety. Sizes are 
from 3/16” to 1” diameter. 


Wet or Acid Situations. Rawlplug 
Bolt Anchors and Rawltamps are made 
for heavy duty bolt fixings in places 
where the exposure to corrosion is 
extremely high. The Bolt Anchor can 
be set deep down in thick concrete 
whereas the Rawltamp enables a 
threaded insert to be fixed in shallow 
concrete. 


Thin or Cavity Walls. Proprietary 
building materials often present fixing 
problems because of being either hard 
and thin or thick and soft. The Rawl- 
plug Company have devised several 
clever devices for making firm fixings to 
such materials including lath and plaster 
ceilings, hollow pot, panel doors, etc. 


The upper illustration shows how one 
of the devices will make the almost 
impossible fixing of a metal plate to a 
pipe and the bottom illustration shows 
how the wings of a Spring Toggle 
spread the load over a plasterboard 
ceiling. 








Rawldrills. Standard sizes for Rawl- 
plugs Nos. 3 to 30 and Rawlbolts A. B. 
C. D. E.and G. Adaptable Rawldrills 
need only three holders for the 10 sizes 
Nos. 3 to 22. There is also a very use- 
ful Universal Tool-set with a knurled 
holder to take Universal Rawldrills 
Nos. 6 to 20. 


Durium tipped Drills. For faster, 
silent penetration of masonry and tiles 
Durium drills are the answer. They can 
be used in hand or suitable electric 
drills. Sizes for Rawlplugs Nos. 6 to 30; 
for C. D. E. and G. Rawlbolts, and a 
long series for drilling right through 
walls. Free resharpening Voucher given 
with every Durium drill. 


Rawiplug Stardrills. An inexpensive 
one piece tool for use on jobs needing a 
small number of holes. Twenty sizes 
from 11/32” to 2}” are made, of which 
eight are for Rawlbolts “A” to “K”’, and 
it is only necessary to quote the reference 
letters of the Rawlbolts when ordering 
Stardrills to use with them. 


Wall Boring Tools. Specially designed 
for rapid boring right through walls. 
This triple fluted percussion tool with 
hexagon handle in one complete unit 
has been proved to make a }” hole right 
through a 9” stock brick wall in nine 
minutes. Lengths 18” and 24”, diameters 
from 5/16” to 1}”. 


Tubular Boring Tools. Will bore a 
clean hole in soft brick wall quicker than 
any other hand percussion tool. The 
serrated edges saw through masonry and 
the dust is collected in the channel and 
ejected through the elongated slot. 
When working in deep holes the tool 
should be withdrawn periodically and 
the dust tapped out. Size are from }” 
to 1” diameter. 


Power Tools. In addition to the hand 
tools listed above special Rawlplug tools 
are made for use in electric and pnue- 
matic power tools. Details of these can 
be had on application. 


Rawlplug Fixing Devices and Hole Boring Tools are sold by Ironmongers, Hardware 
Dealers, Builders Merchants and Stores. If you experience any difficulty in obtaining 
the type and size you require please send details to the following address. 
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Automatic or remote control of 

processes and temperatures in most cases results in higher 

production and improved quality. The 

size and variety of process control problems 

is increasing. To meet this demand, the Magnetic Valve 

range of automatic control valves and equipment has 

been extended to provide highly reliable & 
control of low, medium and high-pressure 

hot water, saturated steam, town’s 








a 


gas, coke oven gas, oil, compressed air, 
refrigerants, and many other industrial 

liquids and gases. Magnetic Valves give 
immediate response under all industrial 
conditions and have established a reputation for 
hard work, long life and absolute reliability. 
They do not use driving shafts, glands or 
stuffing boxes and can be fitted with 

flameproof coil cases if required. Full technical 





details of this extensive range of valves and 
equipment are contained in our new brochure 
No. 406. Why not write NOW for your copy? 
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If you have a problem involving the design, installation and 
satisfactory operation of automatic control equipment, 
you'll find our Technical Advisory Service of great benefit. 

















Magnetic ‘R’ Type 
Single-Beat Stop Valve with 
Flameproof Solenoid Enclosure 





Magnetic ‘R’ Type 


12” Magnetic Safety Cut-out Valve with Special Lever Single-Beat Stop Valve 





597 





The Magnetic Valve Company Ltd 
7 KENDALL PLACE + BAKER STREET * LONDON W.1I. Telephone: HUNter 1801/4 


| Mv3 
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Continual stoppages for repainting can be the costly result 
of using unsuitable or inferior materials. 
Save recious ti me BPL Machine Enamels, correctly chosen from the compre- 
p hensive range according to the conditions obtaining, 
" . save hours of time and make a positive contribution 
in the Machine Shop towards a non-stop assembly line, increased output 
and consequently an uplift in morale. 
Where special resistances are needed (to the action of 
chemicals or heat for example) or a new type of 
machine is to be coated, or even if it’s just a case of 
repainting existing machinery, specialist advice 
is most desirable; call in our Technical Advisory Service— 





Example BPL Paint Systems it is free and without obligation. 
| TYPE OF FINISH FIRST COAT | SECOND COAT | FINISHING COAT | 
| B.P.L. Zinc Ch ‘Ferreko’ Machi | 
Normal Gloss ee ‘Universal’ Undercoat wang tee 7 | 
| Resistant to Heat | ~-B-PLL. Heat Resisting | B.P.L. Heat Resisting | B.P.L. Heat Resisting 
(up to 350°F.) Primer M.P.34 Undercoat | Enamel 

Resistant to Cutting ‘Torpedo’ Wash Primer ‘Tenaceros’ | ‘Tenaceros’ 
| ils (also mild acids for Steel Chlorinated Chlorinated 
and alkalis) (Single Solution ) Rubber Paint Rubber Paint 





BRITISH PAINTS LIMITED © Industrial Maintenance Division 


PORTLAND RD., NEWCASTLE UPON TYNE, 2 - CREWE HOUSE, CURZON ST., LONDON,W.1 





Belfast, Birmingham, Bristol, Cardiff, Glasgow, Leeds, Liverpool, Manchester, Norwich, Plymouth, Sheffield, Southampton, Swansea and all principal towns. | 8» /im.13 


A26 Tick No 28 on reply card for further details NUCLEAR POWER November 1958 




















e DROPTIGHT © COMPACT 
¢ LOW COST 
¢ NON-JAMMING 


e SEALING BY 
AUTOMATIC INFLATION 


The reliability of this patentéd method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 
heads up to 500 ft the original seals were still 


intact. 


descriptive leaflet available on request 


STAINLESS 
STEEL SEAT 





PIPELINE 
PRESSURE 
TO SEAL 
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low pressure 


butterfly 
valves 


Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


Around the periphery of the valve blade is the expanding seal. 
With the valve closed the inside of the seal is subject to pipe-line 
pressure. This pressure balances external pressure and prevents 
seal from collapsing away from the seating. 


Boving 


& COMPANY tIMITED 


WATER POWER ENGINEERS 
56 KINGSWAY LONDON W.C.2 


P1554 
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The know-how needed to produce drop forgings 








U to your requirements is dependent on experience 
; \ backed by modern Technical resources. 
™ . . . 
\ weer eeaewewwe If your needs are drop forgings* in special alloy, 
4 heat and creep-resisting steels or in special 
\ non-ferrous alloys, you’ll solve many problems 
\ by consulting. . 
‘ 
sn 
he, = 
*Drop Forgings 
are SHEFFIELD @ BARLEY DALE 
Stronger 
and A 16mm. Colour Film with sound 


commentary, entitled “* Drop Forgings 
in Alloy Steels,” is available on request. 


Tougher 




















THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD. 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 





No.4 OF A SERIES BY ACCLES & POLLOCK 


A square section tube in mild 
steel .25” A/F with two asym- 
metrical bores each .0625” 
diameter. 


A stainless steel tube with ex- 
ternal and internal ribs. The 
tube body is 1.650” o/d x .060” 
thick; the ribs are .093” high x 
-I25” wide. 





Multibore tube with 19 holes. 
The outside diameter of the large 
tube is .447” and the smaller 
tubes are .0447” o/d. 








Dn es ES LS LY 


Designers have a habit of asking for the impossible, but 
in a surprising number of cases Accles & Pollock produce A\ ] AZ 
an answer that enables the production people to translate 61 6 es 

the concept on the drawing-board into a physical, 


functional form. Accles & Pollock welcome all such Pollock 


opportunities to co-operate in developing new applica- 
tions in the form of tubes and tubular sections. 





Accles & Pollock Limited - Oldbury - Birmingham - a@ Company 
Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 


including stainless steel, and other metals 
tTsw/218 
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"As if Lean help it!” 


‘ Criticism, criticism, criticism. Can I help it if the cost of 
fuel keeps going up? So does my blood pressure. Every 
man-jack in the works is saving fuel till he bursts. I’ve 
brought in new routines, tried every conceivable thing. 
And all I get is : ‘Can’t we save more fuel ?’ 
Well, we can’t... it just can’t be done, see?” 


COMPRACTING 


Reproduced from 
anew Versil 
publication 
“THERMAL 
INSULATION ,, 


But can’t it, Sir? Forgive us, but have you tried plugging concealed 
heat losses with better insulation? Have you, in fact tried 

ERSIL GLASS FIBRE? We think you'll find it makes quite a 
difference, and you might even get bouquets instead of brickbats. 

bo don’t quit—just write to VERSIL Ltd., Liversedge, Yorkshire. 


TBWhat You Need | 
- THE 


GLASS FIBRE 
INSULATION 
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FIELDING 
OPEN GAP PRESSES 


A wide range of “Fielding”? Hydraulic Open Gap Presses is available, covering 


a variety of applications. These Presses are supplied complete with self- 
contained pumping equipment, or alternatively to operate from an Accumulator 


System . .. . Your enquiries will receive our careful and prompt attention. 


FIELDING& 


ENGINEERS Jee ATLAS WORKS 
GLOUCESTERe ENGLAND 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de sea produits. Dans le cas ot 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére &@ NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig fur Inserenten 
alle technischen LEinzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kitnfte wilnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
zionista di indicare in uno 
spazio ristretto tutti i particolars 
dei suot prodotti, Qualora de- 
sideraste ricevere pit ampie 
informazioni a questo riguardo, 
favorite segnare tl numero 
appropriato sul cartellino qui 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos, St 
desea ulterior informacién, 
marque los nimeros apropiados 
en la tarjeta opuesta y mandela a 
NUCLEAR POWER. 


HudopmauwaA Ana anTaTeneh 
Yacmo Ovieaem mpydno pexraa- 
MupynuuMm AUuYyam JGaeamb éece 
mexnuyecwue nodpo6nocmu ceéo- 
ea npodyxyuu ¢ pexaame. Ecau 
Bam nonado6amca do6asounnie 
ceedenua, MO Npocmo ommemome 
coomeemcmeynujue HOMEPG Ha Ka- 
mowxe Ha npomuéeonososcHoa 
cmopone uU omnpaeome * 
NUCLEAR POWER, 
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READER INFORMATION SERVICE 


It is often difficult for advertisers to give all the 
technical details about their products in a limited 
amount of space. If you would like further infor- 
mation simply tick the appropriate numbers on the 
card opposite and mail to NUCLEAR POWER. 


Also the following items not numbered 
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NAME OF BUSINESS 





ADDRESS 


POSITION HELD ~ 


NATURE OF BUSINESS 
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SUBSCRIPTION GARD (iBT tat 


YES$! 


THE sourwaC oF BRiTisn NUCLEAR ENGINEERING 


! want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for !2 months/until countermanded: 


U.K. £2. 2s. Od. 


U.S.A. and Canada $8.00 + 50c. postage 


Other countries £3. 3s. Od. 


starting with the 


op Eee 


SEND TO MY HOME/BUSINESS ADDRESS __ 


(1 Subscription enclosed 


issue (] Invoice me later 
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Haul-off end of machine for spreading and curing p.v.c.paste on hessian for 
brattice cloth and on cotton duck for ducting. Machine is at the works of 
The South Wales Brattice Cloth and India Rubber Co. Ltd., Newport, Mon. 


When the South Wales Brattice Cloth and India Rubber Co. Ltd. use p.v.c. 


they use I.C.I.‘Corvic’ 


‘( Yorvic’ p.v.c. polymers are 

backed by the incomparable 
technical resources of I.C.1. These 
resources are available to you. 
Whatever advice you require on 
the use of p.v.c., I.C.1. will gladly 
give it to you. 


PERIAL SCHENICAL 


1958 


One of the many applications 
of ‘Corvic’ is demonstrated by the 
machine illustrated which spreads 
and cures p.v.c. paste on hessian 
for brattice cloth and on cotton 
duck for ducting. 


SOVUSTRIES LCIMITE OS 


‘CORVIC’ 


‘Corvic’ is the registered trade mark for the p.v.c. 
mile 


polymers manufactured by I.C. 


LONDON: S.W.1 
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For ease of 
maintenance 
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CW sone WESTON & CO. LTD. irweli Bank Works « Douglas Green * Pendleton - Salford 6 
i v4 irmi rn 0414; Telex 2-2682 
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‘elephone: Pendleton 2857-8-9; Telex 66-255; Birmingham Erdington 5459; London Holborn 0414; Tele 
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to strain, 


tang: a 


or to filter 


diesel FUEL or PETROL... 
lubricating, \ 1 ‘ 5 

edible, or cutting OILS... 
AIR... LIQUIDS... POWDERS... DUSTS... GASES 


interpose an INTERMIT 


filter, strainer, or gauze... 





INTERMIT limited 


specialists in the design and production of 
filters, strainers, and ventilators to specification 
or by collaborative research and development. 


Enquiries to: 
INTERMIT LIMITED> BRADFORD STREET > BIRMINGHAM 5 
Phone: Midland 7961 


Ttit 
Member of the bere BIRFIELD Group 





BIRFIELD INDUSTRIES LIMITED - STRATFORD HOUSE - LONDON - Wi 
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Wherever there 1s Nuclear Progress, there are 


HOPKINSONS? 
VALVES 
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DOUNREAY 








HUNTERSTON 


CHAPEL CROSS 


BRADWELL 


Our contracts include: 


REACTOR VALVES * BOILER MOUNTINGS — PIPE LINE VALVES - TURBINE VALVES 
REDUCING & DESUPERHEATING EQUIPMENT ~< CENTRIFUGAL SEPARATORS 





(39 HOPKINSONS LIMITED - HUDDERSFIELD 


LONDON OFFIC €E: 34 NORFOLK Sec RBee F ° STRAND? WwW. C.2 
HV109 
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KRosclictel 
ROCKSIL 


ROCK WwOot INSULATION 





That’s the latest addition to this highly successful range of rock wool insulating materials. 
Great strength, accuracy of manufacture, and superior finish, along with all the usual 
properties of Rocksil, make these rigid sections an efficient means of insulation up to 600°F. 
For hot water lines, steam lines, and steam traced oil lines, Rocksil rigid pipe sections provide 
well-fitting and inexpensive insulation that is particularly resistant to corrosion. 


Canvas or scrim wrapped, with 


or without bands. In 3ft. lengths, thicknesses by {” steps from 4” to 2”. Uniform density 10 Ib/cu. ft. 





Full information available from the manufacturers: 


ae THE CAPE ASBESTOS CO LTD [1/4 & I16 Park Street, London W.I. Telephone: GROsvenor 6022 


Capt 
and at: Glasgow; Eagle Buildings, 217 Bothwell St., Glasgow, C.2. Tel: Central 2175 Manchester; Floor D, National Buil lings, St. Mary's Parsonage, Manchester 3. Tel: Deansgate 6016-7-8 
Birmingham: 11 Waterloo St., Birmingh m 2. Tel: Midland 6565-6-7 Newcastle: 19 & 20 Exchange Buildings, Newcastle-upon-Tyne. Tel: Newcastle 20488 


TA674 
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IMPORTANT 
DEMINERALISATION 
PLANTS 











William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at: 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls./hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections : 


Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed Ion Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls/hr. ‘Boby’ demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i. 

The plant comprises the following sections : 


Coagulation and Settlement —Filtration— Cation Exchange TR ‘- AT M ‘a N E 
—Weakly basic Anion Exchange — Strongly basic Anion 


Exchange. 


Established in 1875 








WILLIAM BOBY & CO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth. 4251" 


A38 
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Power to 
probe the 
universe 


Mankind is reaching out to conquer 
new worlds—new footholds in outer 
space, new sources of power torn 
from the innermost secrets of the atom. 
AEI-John Thompson, who are already 
building at Berkeley one of the first 
commercial nuclear power 
stations, are able to offer research 
reactors of the ‘Merlin’ type. 
‘Merlin’, the first privately- 
owned 5 MW reactor in the 
world, was designed and built at 
the AEI Research Establishment. 
Already with its aid a 
programme of research into 


such matters as safety factors, . + ‘ : : - *° ce ovk.. 
e - *¢* 
. e * +e 


ees 


materials testing, reactor 


physics and training in 


Mb 
ee 
Ble a: 


— . 
reactor operation has begun. ARM mS 163 f° 
a “ee 


jn 
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‘Merlin’ opens the way to 
new explorations of our 


mysterious universe. 


JOHN THOMPSON 
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FANS AND EQUIPMENT 


SLOW SPEE D 
MULTIVANE FAN 
(Intermediate size). 


= 
SLOW SPEED 
MULTIVANE FAN 
(Large size). 
































PADDLE BLADE FAN. 




















our ways 


AXIAL FLOW FAN. 




















P.V.C. FAN 











PROPELLER FAN. 

















Ventilation, dust collection, fume 
removal and cooling industrial ‘‘hot spots’’ are jobs for 
Cyclone Fans and Allied Equipment. 
75 years’ experience, technical advice and comprehensive 
literature is yours on request. 


SLOW SPEED 
MULTIVANE FAN 
(Small size). 














MATTHEWS & YATES LTD. 


CYCLONE WORKS * SWINTON (MANCHESTER) & 135 RYE LANE, PECKHAM, LONDON S.E.15 


TELEPHONE. SWINTON 2273 (4 lines) TELEPHONE: NEW CROSS 6571 (4 lines) 


Also at: Glasgow + Leeds - Birmingham + Cardiff + Bournemouth 
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Pressure 
Vessels : 





Og ae : 
Se an ae ne ea 


The photograph above shows a ‘ 
pressure vessel for Shell Petroleum 4 
Co. Ltd. go ft. long, 9 ft. dia. All , 
welds X-rayed. Dead weight 40 tons. 
Inspection facilities include laboratory equipped 
with up-to-date testing machines and radiography oe 
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STEELWORK 


WATSON 


BOLTON 
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a Structures 


Part of 2,000 ton contract 
for U.K. Atomic Energy 
Authority, Springfields 
Plant, Preston 


Welding 


Site welded pyrites 
flash roaster casing 
Height 51 ft., dia. 23' 6” 
Weight 90 tons. W 
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Robert Watson & Co. 


CONSTRUCTIONAL ENGINEERS), LI MITED 
Bolton, Lancs. 

Telephone: Bolton 5125 (7 lines) 
Telegrams: Watson, Telex, Bolton 
and at London 

Telephone: Belgravia 3785-7 
and Bristol 

Telephone: Filton 2361 
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STREAM-LINE 
FILTERS AND 
NUCLEAR 
POWER 


— — -—__ _-_ 
Ce = 





ES i Se OE Rees 
The security of oil-immersed circuit 
breakers or transformers depends on the 
condition of the oil. In Stream-Line filters 
the engineer has at his disposal equipment 
specially designed for the complete 
removal of contamination in insulating 

oil and which meets the most stringent 
requirements. That’s why Stream-Line 
filters have been specified for Chapel Cross 
and Berkeley, and are in wide use 
throughout the U.K.A.E.A. A single 
passage through a Stream-Line filter 
ensures the elimination of solid impurities, 
even the finest colloidal carbon; 
dehydration, including the removal of 
dissolved water, and de-aeration, 
including the removal of dissolved gases. 
A dielectric strength far above that 
specified for the highest quality new oil 





is achieved by a standard Stream-Line 

filter. Our research and development 
department will be glad to answer your 
queries. Write for Catalogue W.1031. A WORD ABOUT HIGH VACUUM 
Stream-Line filters designed to operate 
under high vacuum can be supplied. 
Details are available on request of 
models yielding remarkable perform- 
ances. For most requirements the 
standard Stream-Line filter gives pre- 
cisely the service demanded. 


STREAM-LINE FILTERS 


A fully mobile Stream-Line filter. 





STREAM™M - LINE FILTERS Tro - INGATE PLACE - LONDON : S.W.8 
A member of the VOKES Group Telephone: MACaulay 101! 
SF/29 
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They were vertical Glandless 
pumps and there’s reasoning behind 
the choice. 

The simple design having only one 
moving part and no close clearances 
ensures non-stop service and long 
life. 

The glandless construction reduces 
maintenance and eliminates all leak- 
age at the shaft. 

These pumps are self-priming and 
can be located above liquid level. 





if you want dependability— 
you want LaBour 


LaBOUR 


PU M P S 


BRITISH LaBOUR PUMP CO LTD 
BLUNDELL ST LONDON N7 Te! NORTH 6601-5 

















1! 


F/29 Prose. 
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We are equipped with Weld 
X-Ray Plant, materials testing 
and microscopic examination 
facilities 


ILLUSTRATED 

(right) Hood Tube Assembly 
undergoing alignment and accuracy 
testing in the Butterfield workshops 
(far right) Component parts for 
Irradiation Tubes and Liners 
(below) Irradiation Hood Tubes 
and Liners during construction 


at the Power Station 
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{eee sateen men 


AS FABRICATORS to the United 
Kingdom Atomic Energy Authority 
Butterfields are proud to have 
supplied Irradiation Hood Tubes an‘! 
Liners for the Chapelcross 

Atomic Power Station. 

Butterfield craftsmen work to 

the high standards demanded by 
this very important work fabricating 
in Stainless Steel, Mild Steel, 


Aluminium, “ Monel.”’ Nickel etc. 


Fabrications 
for 
NUCLEAR 
ENGINEERING 





W. P. Butterfield Limited : 
P.O. Box 38 Shipley Yorkshire Tel 52244 (8 lines) 


Branches 


LONDON Telephone HOLborn 2455 (4 lines) 
BIRMINGHAM Telephone EAS 0871 and EAS 2241 
BRISTOL Telephone 27905 

LIVERPOOL Telephone CENtral 0829 
MANCHESTER Telephone BLAckfriars 9417 
NEWCASTLE-ON-TYNE Telephone 23823 
GLASGOW Telephone CENtral 7696 

BELFAST N.I. Telephone 57343 

DUBLIN Telephone 73475 & 79745 
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One of two banks of Vokes ‘Absolute’ filters in the G.E.C. beryllium 
laboratory, showing operator in a pressure suit changing a filter. 


Vokes Filters specified for work on Beryllium 


New Beryllium Laboratory Vokes ‘Absolute’ Filters 

At the G.E.C. Atomic Energy Division at Erith a new The laboratory areas are fully air-conditioned by means of a central 
laboratory has been specially designed for work on beryllium. inlet air duct and there is a range of extract ducting running along the 
Vokes were called in to assist in the planning of a ven- laboratory walls. 


tilating system designed to maintain a very high standard The extraction system consists basically of a fan drawing air at the 
of safety and to conform with the recommendations of — rate of 8,000 cub. ft. per min. from the laboratory through 12 Vokes 
the U.K.A.E.A. ‘Absolute’ filters arranged in two banks of six, coupled in parallel to 
the extract fan. Each of these filters is individually mounted in a cell 
on the manifold to minimise hazards during filter changing. 

The Vokes ‘Absolute’ filter has a guaranteed efficiency of 99.95°,, in the 
0.1 to 0.5 micron range. For particles greater than | micron the efficiency 
is virtually 100°,. The plant has been arranged so that the filters can 
be changed with the ventilation plant running. 


Working Boxes fitted with Vokes Filters 


Operations involving the formation of beryllium dust, such as machining, 
abrasion and welding, are confined to a laboratory where the highest 
ventilation rate is available and is carried on in ventilated working boxes, 
which also incorporate Vokes filters. 

Where filtration to a particularly high standard is required, as in 
this case at Erith, Vokes filtration experts are available from planning 
stage to final installation. If you have a filtration problem, please 
contact us. 


4 Vokes filter can be seen on the left of the 
lathe enclosed in the PERSPE X working box. 





VOKES LIMITED - GUILDFORD - SURREY 
Phone: Guildford 62861 (6 lines) Grams & Cables: Vokesacess, Guildford, Telex 
Telex: 13-535 Vokesacess, Gfd. 

Vokes Australia Pty. Ltd., Sydney Represented throughout the World 





VOKES—Air and Gas Filters for Chemical. Nuclear Enerey, Oil Refinery, and Pharmaceuiica! applications etc; Air conditioning filters; Compressed air pipe line filters; 
Air, Oil, and Fuel filters for Diesel, Gas Turbine, and other i'c engines; Hydraulic filters; Silencers for Engines, Fens and Blowers; High efficiency Multi Cyclones. 
V.315 
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WINSTON ELECTRONICS LIMIT 


Sole Agents for BECKMAN-BERKELEY Division 
Beckman Helipots 


BERKELEY DIVISION 


Universal Eput Meters and Timers, Frequency Meters, 
Time Interval Meters, Analogue Computers, 
Data Reduction, Digital Readout, Transducers, Ferrist 


HELIPOT DIVISION 


Some typical examples of Helical Potentiometers : 






ED 







ors. 





















































SERIES AN B e T $300 5700 
Number of turns 10 10 10 15 3 1 1 
Diameter, inches 1-13/16 7/8 1-13/16 3-5/16 1-13/16 7/8 1-1/4 : 
Length of case, inches 2 1-1/2 1-63 /64 2-13/16 1-9/64 25/32 19/32 1 
Shaft diameter, inches (nominal) 1/4 1/8 1/4 1/4 1/4 1/8 1/4 1/4 
Coil length, inches (approx.) 46 18 45 140 14 19 3+] 8-2 
+4° +10° +1° +4° +4? 
Mechanical rotation 3.600°—0 3,600°—0° 3,600°—° 5.400°—v° 1,080°—0° 360° cont. 360° cont 360° cont. 
+4 + 10° +1° +4° +44° 
Electrical rotation 3,600°—0° 3,600°—0° 3,600°—0° 5,400°—0° 1,080°—0° 354° -1-2° 352° ++ 2 356° -+- 1° 
Resistance range, ohms 25 to 450K 25 to 100K 5010 400K =640 to 1 meg S$ to 130K 1K to 100K 25 to 49K 50 tol63K 
Peet pract. resist. tol. (a) +-3° +2-5% +1% +1% -1% +-2% +- 1% +1% 
Best pract. linearity tol, (b) + 0-05 % +0-05% +0-025% +0°01% +0°1% +0-2% +0:25% +U-l% 
1K & up 10K to SUK 5K & up 10K & up 5K & up 2K & up 5K & up 
Max. noise millivolts (c) 250 250 100 2s 25 100 100 100 
2K & up 1K & up SK & up 500 & up 
Watts, at 25°C ambient (d) 69 2°8 69 13:8 41 1°45 2°8 69 
Watts, at 40°C ambient 5 2 5 io 3 1-2 2 5 
Weight, oz. (approx.) 4:4 1 4-5 13 2°5 0-6 2 59 
Max. starting torque, oz. in. 2 0-7 13 2:7 18 0-05 07 1:3 
Max. running torque, oz. in 1-5 06 09 2 13 0-05 0-s 0-5 
Moment of inertia, gm. cm.? 18 0-3 22 200 7 n-*2 2:8 8-4 
Max, taps 28 32 28 80/e) :4 9 9 33 
Min. distance between taps 20° + 1 45° +2 20° +1/2 pals cad ae? 1 3° 59° -4-1° 30° +1 36° -+- 3 
Max. ganged sections 3 consult factory 2 3 5 no ganging 8 
Life expectancy, shaft revs. 2,000,000 2.000.009 2.000.000 2,000.09 2.000.690 2.000.600 2,000,000 2.000.000 








HELIDELS - DUODIALS - DIGIDIALS 


¥ 


Winston Electronics also manufacture Voltmeters, 
Oscillators, Telecommunications, Test Gear. 


Sub-Contract Facilities. 
A.|.D. and A.R.B. Approved. 














WINSTON ELECTRONICS LIMITED 


Govett Avenue, Shepperton, Middlesex 
Telephone: Walton-on-Thames 6321 
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have a comprehensive range 
of halogen-quenched 
Geiger Muller Tubes 





... all of which are setting performance standards 
under a wide variety of most exacting conditions. 
Send for a copy of the Mullard halogen-quenched 
Geiger-Miiller Tube Catalogue, which gives details 
and characteristics of the range. 


Mullard 


Maree Division| 


MULLARD LTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY, ENGLAND. Tel. MITCHAM 3471 
MXR 506 
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and early warning 


choose the All Transistorised 


Pressure Alarm 


Radiation Level 
Monitoring 


Thermocouples 


Trip Amplifier/Alarm 


Fuel Element 
Temperature Monitor 


Photo multipliers 


ANY SUITABLE 
INPUT | D.C. SOURCE 


Vacuum Photocells 


See Industrial | Reactor 
Bena Instrument 
Schemes } -ation 


Fuel Element High 
Neutron Flux Alarm 





Low Coolant Flow 
Alarm 








Coolant Temperature 
Strain Gauges Alarm 
Tacho generators 





Temperature Alarm 


Laboratory 
Applications 





A completely transistorised 1. The main alarm section gives accurate, stable and 
; ‘ reliable trip control at the desired setting. 


on/off alarm which gives 2. Difference between main alarm set point and input 
P i le ta " variable is indicated on an edgewise meter. 
visual indication of the input Tae : 
3. An “early warning” alarm can be preset to operate 
variable over a preset range between 10% and 100% of the indicated range thus 
i 4 giving early warning of an impending fault. 
prior to the set point. 4. Indicated variable may be displayed remotely if required. 


5. Miultiplicity of output relay switching arrangements 
available for both main and “early warning” alarms. 

6. Hermetically-sealed relay contacts adequately rated for 
normal switching loads. 

7. Latest transistor and printed circuit techniques—no 
fragile or moving parts. 

8. Failure of indicator or marginal amplifier does not 
affect the action of the main alarm section. 

Send for fully illustrated specification No.E12-11 9. Fail to safe design. 


BAILEY METERS & GONTROLS LTD. 


PURLEY WAY - CROYDON + SURREY - TELEPHONE: CROYDON 4191 
INSTRUMENTS AND CONTROL SYSTEMS FOR THE POWER AND PROCESS INDUSTRIES 
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Gas-flow model 


In a gas-cooled reactor, there is an optimum value for the 
flow of coolant gas through each fuel channel to provide a 
given heat output. The flow must therefore be regulated, 
according to the power level, to achieve the maximum 
thermal efficiency of the system and to ensure that the oper- 
ating temperature of the fuel elements is within the limits 
imposed by metallurgical and nuclear considerations. 

There will be over 3000 vertical fuel channels in the 50 ft. 
diameter cylindrical core of each of the two reactors being 
built at Hunterston by G.E.C. A great deal of the theoret- 
ical and experimental work necessary to develop a design in 
which the total gas flow is correctly distributed over these 
channels has been done with the help of the gas-flow model 
shown above. This is a 1/20-scale model of a power reactor 
of the Hunterston type, and is installed in the laboratories 
of the G.E.C. Atomic Energy Division at Erith. 

\ 42-inch-diameter perspex sphere—which is a scale 
replica of the reactor pressure vessel complete with its 
supporting skirt, and rings of inlet and outlet gas-ports— 
houses a duralumin model of the reactor core. This core 
rests on a support-grid of the same “egg-box” type employ- 
ed in the actual reactor. The channels for the fuel elements 


and control rods are represented by tubes whose number 


THE GENERAL ELECTRIC COMPANY LIMITED, 


Als4 
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and diameter are such that the complete core offers a res- 
istance to gas flow in proportion to the full-scale structures. 

A motor-driven blower, coupled to the outlet ports in 
the sphere, draws air through the model to stimulate the 
flow of coolant gas in the reactor. Measurements are made 
of the air flow and the pressure drop along selected 
channels through the core using the pressure tubes and 
manometers on each side of the model. 

Thus it is possible to investigate the symmetry of the gas 
flow through the reactor, and to study the effect of shut 
down of one or more of the eight gas circuits connecting 
the pressure vessel to the steam-raising units. The influence 
of “‘gags”’, to restrict the flow of gas through the channels, 
can also be determined. This should save considerable time 


during the commissioning of the reactors. 





Atomic Energy Division 


MAGNET HOUSE, KINGSWAY, LONDON,’ W.C.2. 
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CAPENHURST DIFFUSION FACTORY 





CALDER ‘A’ MAIN CONTRACT 


AE caver a’ PRELIMINARY WORKS 








CALDER ‘B’ MAIN CONTRACT 


AEESV carenurst DIFFUSION FACTORY 








BERKELEY NUCLEAR POWER STATION 
A.E.1.-JOHN THOMPSON NUCLEAR ENERGY CO. LTD. 
WINDSCALE WORKS 


Ly WINDSCALE A.G. REACTOR SITE 


N. G. BAILEY & CO., LTD. 


Electrical Engineers 


HEATHCOTE, ILKLEY, YORKS 
Phone: ILKLEY 2121 
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Pre-Publication 
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Proceedings of the 
SECOND INTERNATIONAL 
CONFERENCE 

ON THE PEACEFUL USES 
OF ATOMIC ENERGY 


Geneva: September Ist—I3th, 1958 


Stellarator developed for producing controlled thermo- 

nuclear reaction. The exhibit demonstrates how to confine ; 

deuterium gas in tube. (U.S. exhibit, ‘Atoms For Peace’ Con- The United Nations edition in English will be the 

ference, Geneva, Switzerland.) ONLY COMPLETE AND OFFICIAL EDITION of the Conference Proceedings 


The English Edition is expected to consist of 33 volumes 
(approximately {500 pages each) and will comprise the 
COMPLETE OFFICIAL PROCEEDINGS (more than 2,100 
scientific papers and discussions). 

First volumes available by November, 1958; set completed 
by July, 1959. Transportation charges will be borne by 
UN for Pre-paid Full Set Orders. 


The Official UN edition will cover: 
/ \ Basic physics 
N} VY Basic chemistry 
Xg V4 Biology and medicine 
—_—S 


Use of nuclear energy for purposes 
other than generation of electricity 


Thermonuclear developments 





Possibility of controlled fusion 


United Kingdom’s fusion apparatus ‘‘Minni” displayed at eno 
“Atoms For Peace Conference”? in Geneva. (U.K. Exhibit, 
‘Atoms For Peace’ Conference, Geneva, Switzerland.) 


Production of nuclear materials 
Research and power reactors 





Reactor technology 
Production and uses of isotopes 
Training in nuclear sciences 


PRE-PUBLICATION PRICE FOR FULL SET: 


£155 (or equivalent in other currencies) 
available until November 30, 1958. 
(Partial payment plan available.) 

The regular price for the full set 

will approximate £182. 


For further details consult your local 
bookseller 


UNITED NATIONS 


GENEVA, SWITZERLAND 





Scientist shows visitor the experimental boiling water reactor 

< which can provide up to 5,000 kw of electricity to help meet the 
world’s anticipated power needs. (U.S. exhibit, ‘Atoms For Peace’ 
Conference, Geneva, Switzerland.) 
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HADFIELDS LTD., 





SPECIAL STEELS 
FOR NUCLEAR POWER ... 


most essential characteristics implied by the expression ‘high quality’ is 


those advanced engineering projects, where any doubt concerning the materials 


eagicah! 2 ch oS Ay ry "4 
Hadfields have contributed in the provision of high quality j nae 


One of the 
liability, and the construction of nuclear power plants ranks high amongst 


construction cannot be tolerated 
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alloy steels to meet the demand of reactor designers and the 
“Era’’ series of Boron Steels was developed to satisfy the special 
needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating ‘‘Era Boron 
Steels” and ‘‘Era H.L.C.” special Low Cobalt Stainless Steel. “Era 
H.L.C.” Steel has also been used in the production of a number 
of other reactor components and is of the 18/8 Stabilised type. 


Pressure vessel and heat exchanger forged flanges are made in 
special ‘Era C.R.”’ and “Hecla” Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 


,exste € 2.5 € 8 





EAST HECLA WORKS, SHEFFIELD, ENGLAND. 
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This 1s one of a serves of advertisements by RITCHIE CALDER which is appearing in 
the National Press to illustrate how atomic power may help man’s muscle emancipation 


Muscle ts the most 
ostly power on earth 

















TYPICAL SCENE in tropical countries is that of 
the bullock-team raising water from a well. To 
the chanting of the drivers, the bullocks trudge 
the relentless sun, 


lowering the buckets into the well, hoisting the water 


backwards and forwards, under 


and tipping it into the 
water-courses toirrigate 
from 


the thirsty soil, 


both and 


beasts get their food. 
ry) 
Chose peasants are 


poor, despairingly 


which men 





poor, yet they use the most 
expensive power in the world—muscle-power. Bullocks 
have to be bought, tended and fed, yet even with the 
meagre food and pitiful earnings of the men who drive 
them, the energy equivalent which they produce costs 
twenty times as much per unit as the energy output at 
Calder Hall atomic energy station. 


MUSCLE POWER INEFFICIENT 
A great many people in the world are poor because 
of necessity, they use calories in their most expensive 
the 
Although we may glorify muscle-effort—and, indeed, 


form and energy in most uneconomical way. 


laud it in the performances ofathletes—it isdeplorably in- 
efficient. The advance from the steam-engine to atomic 


MITCHELL ENGINEERING 


power, from the pulley-belt to automation, has repre- 
sented the emancipation of man-from muscle-slavery. 

The paradox of power is that those who are power- 
deficient are power-extravagant. When we go around 
the house switching off lights to keep the electricity bill 
down, we might think of the Indian villager burning 
cow-dung to cook his food for his muscle-power. Because 
he burns that dung, instead of using it as manure, his 
soil is undernourished, his crops are undernourished, 
and he is undernourished. 

This is the Misery-Go-Round of poverty; because the 
peasant is poor he is undernourished ; because he is 
undernourished he under-produces; because he under- 
produces he is poor; and because, in ‘muscle-power’ 
countries, poverty prevails, their natural resources are 
underdeveloped. Such countries see in nuclear energy a 
break-through to industrial prosperity. The problem 
of how to find the money 


to pay for it and to train ___—=~ ———. » — 
he people to handle it, =— 
the people to handle it, eS a 


is the answerable Ss 
: ' >> _ 
challenge of our times. . 
The power engineers know the answers; the 


mechanical engineers have created the machines. The 
muscle-slaves are waiting to be freed and the resources 
of their countries are waiting to be developed. The 





machine is the emancipator. 


are designing and constructing 


Nuclear Power Plant to meet werld needs in the New Atomic Age 
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FOR THE CHAPELCROSS REACTORS 


Whessoe Ltd. chose Darlington Insulation | 


Nuciear engineering cannot tolerate faulty design or ill chosen 
materials. Every inch of a plant that houses such tremendous 
From Calder Hall on, The energy has to be designed and constructed to highly critical 


Darlington Insulation Co. Ltd. J P z 
has been associated with most of specifications. That is why such contracts go only to.the 
Kingdom, and we can fairly claim 

For this reason we at The Darlington Insulation Co. Ltd. are 
engineers. 
experience is even greater—and reactors at Chapelcross ° 


the nuclear power stations com- 
pleted and building in the United cream of industry 

to be the world’s most experienced 

nuclear power station insulation 

In more everyday fields of heat, | Proud to have been selected by Whessoe Ltd. to insulate the 
cold and sound insulation our 

it is entirely at your service. 

Simply write to 


THE DARLINGTON INSULATION COMPANY LIMITED 


A MEMBER OF THE DARLINGTON GROUP OF COMPANIES 


%e The insulating materials selected 38 Great North Road, Newcastle upon Tyne 2 

were, naturally, Metadextramite and 

Darlington 85% Magnesia made by or telephone Newcastle 23666 

The Chemica! & Insulating Co. Ltd.— = i . : . 

anothermember of The Darlington Group Branches at London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester and Sheffield HI6 
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in the shape of things to come 


Today, you may find a fairly simple pipework 
fabrication does the job. Tomorrow, a_ very 
similar function may require a very complicated 
fabrication. Such is the pace of development in 
ihe Nuclear Power field. Where do you go for that 
highly complex unit when the need arises? You go 
io LAWRIE of course. LAWRIE’s have much experience 
in the specialised application of pipework, as their records 
well show. Their welding is approved by Lloyd’s; their 
work is to A.P.I., B.S. or your own most critical 
specifications. Moreover, they are already on the 
U.K.A.E.A. list of approved contractors. More 
information? Gladly! Just get in touch with Lawrie’s 





PUT YOUR PIPEWORK PROBLEM T0 





J. & T. LAWRIE LTD. 


LIVINGSTONE STREET, CLYDEBANK, SCOTLAND. 
Phone: Clydebank 2171/2/3. 


LONDON OFFICE: 34 Victoria Street, S.W.|I. 
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At your service 


For some time now we have been including 
in each issue of NUCLEAR POWER reply-paid 
cards and letters by means of which 
readers can request further details of pro- 
ducts and services advertised in this maga- 
zine or described editorially in our New 
Product Survey. The way these enquiries 
have mounted steadily since we introduced 
the idea indicates not only the steadily 
increasing circulation of NUCLEAR POWER 
but also a growth in appreciation of the 
service provided 


It is fair to assume that the majority of 
our readers are very busy men and this 
service is an example of how we can help 
them to cut corners. It may be suggested 
that it is just as easy to write to a firm 
direct for further information and this— 
assuming the cost of a postage stamp and 
the time taken to dictate a letter are of no 
account—is true enough. But from an 
exhaustive analysis of returned cards we 
find that the average enquirer wants not 
just one packet of information but nine! 
Now multiply our ‘ one-off’ operation by 
this figure and the advantages of this ser- 
vice become obvious. At no cost whatso- 
ever and just the labour of a few ticks on 
a card and all you want is delivered per- 
sonally to you. 


On the other side of the coin, the adver- 
tisers are equally happy with the reply card 
scheme. Confidential reports in our posses- 
sion bear eloquent testimony to the pulling 
power of an advertisement in NUCLEAR 
POWER, a pull which in this way can be 
measured scientifically. Many companies— 
not only in the UK, but also to an increas- 
ing extent in the USA and other countries 
—have proved to their entire satisfaction 
that NUCLEAR POWER does indeed reach 
out to the right people in the right places 
at the right time. That is why more and 
more new _ advertisers are choosing 
NUCLEAR POWER as their medium. 
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Nucleonics and Plessiflex 


Plessiflex is acknowledged to be the best flexible 
stainless steel hose for most applications —and is 
particularly outstanding in the field of nucleonics. 
Produced from solid drawn tubing, Plessiflex is 
absolutely seamless and immensely strong. As a 
result Plessiflex may be employed simultaneously 
as a hoist rope and as a gas or fluid connector with 
the minimum of extensibility. It is ideal for 
charging machines, cable conduits, gas ducts, 
remote pneumatic handling or safety monitoring 
circuits. High purity aluminium, nickel or 
zirconium hoses can also be supplied for special 
applications. 


PSSOQIQNE 


ae 


If you have a problem which could be solved by the 
employment of flexible hose—consult Power 
Auxiliaries Ltd. Specialists in this field, Power 
Auxiliaries Ltd., have built up extensive design 
experience which is readily available to all 
equipment producers. 





/ PLESSIFLEX | 
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flexible seamless metallic hose 


Power Auxiliaries Ltd., Kembrey Street, Swindon, Wilts. Phone: Swindon 5461 


One of the Group of Companies 
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Mentally receptive 


SIR: With reference to MESON’s letter (Sir! October) 
and your own sour leader—a Plea for Devolution— 
on the faults and shortcomings of the Geneva Confer- 
ence I would like to put forward the case as I see 
it for retaining the idea in its present form. 

Working in one little watertight compartment of 
the complex thing we call nuclear energy, one some- 
how tends to lose the broader perspective and be- 
come immune to the impact of fresh ideas. Journals 
such as your Own go some way towards offsetting 
this tendency although many people have little time 
to do more than skim them, and in any case they have 
not the space available for a complete inclusion of 
all the information that is potentially or actually 
available. At Geneva, on the other hand, one is freed 
from the day-to-day work of the laboratory or design 
office and is mentally more receptive to new ideas. 

I agree of course that even this year’s conference . 
had far too many papers and that something must be the source of power 
done to increase the time available for their ade- : 
quate presentation and discussion. However, this is 
a fairly straightforward organization problem and can 
be solved by a secretariat sufficiently ruthless to reduce 





the volume of paper to a manageable volume. ..._ ae water is still of 
Regarding your suggestion for devolving the Con- . 
ference into completely separate constituent parts great tmportance 


meeting as and when necessary, I think Professor 
Francis Perrin answered you. I cannoi recall his 
exact words but I remember he said that this sugges- 
tion if adopted, would ‘deprive the Conference of 
its raison d’étre’ and that we should aim at preserv- 
ing the Geneva idea with Conferences perhaps every Tanks must have complete and 
four years instead of three. 

Yes, Sir, I wholeheartedly agree with MESON. We 


No risks can be taken with the 


storage of water in modern plants. 


lasting internal protection. 





must preserve Geneva because only in this idea can They should, in fact, be treated with BITOTES 
we attract the best contributions from all over the : é 
Solution and Enamel. Bitotes 
world. 
Nantes, France PION prevents interior corrosion of water 


tanks, pipelines, cisterns, reservoirs, 
and all water containers, cannot 
Brainwashed crack or peel and is odourless 


; ‘ and tasteless when dry. Full 
SIR: I absolutely agree with your views on the : y 


future of the Geneva Conference and I was inter- approved for Fresh Water, 
ested to see in a newspaper report that Sir Edwin 
Plowden voiced much the same sentiment when he 
addressed the International Atomic Energy Agency 
recently. If one tried at all conscientiously to attend 
the sessions one should, and to give a reasonable 
time to the two exhibitions, by the end of the first full details. 
week one felt completely brainwashed. I can see now 

that the tendency all round was to take on too much 


and one should have had a strict rationing system 
allowing oneself a very limited amount per diem. ¥ D 


Having to do it this way is, however, all wrong and I 


Drinking Water and Demineralised 


Water Tanks, etc. 


We will be glad to supply you with 


feel very strongly that a conference should be of such (PAINTS DIVISION) 
a size that any given participant in reasonable mental Collingwood Buildings, Newcastle upon Tyne, I. 
and physical health is fully able to gain some benefit Telephone: Newcastle 2-540! 
from the entire proceedings. 
me ; sa a _— g London Office: 219/220 Dashwood House, 
inds 5. P . 
ndsor, Ontario S. P. JOHNSTON Old Broad Street, London, E.C.2. 
continued on p A6l eeeeeeeeeeeeeeseeoeeeee eee e @ 
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The Plessey Food Contamination Monitor showing set-up for 
Assay of solid food samples. 


Plessey Nucleonics Ltd., has designed this portable con- 
tamination monitor for the Ministry of Agriculture. Only 
8 lb. in weight and 9” « 6” « 6” in size, it provides a compact 
yet accurate means of assessing radio-active contamination 
of foodstuffs, or other materials. Two Geiger Muller tubes 
are supplied as the detecting elements, one for liquid 
sampling purposes, the other for solid sampling; the latter 
may also be mounted in a hand probe for bulk survey. 
The radiation detector is mounted in a lead castle to 
reduce the background counting rate to a minimum and 
so achieve a high sensitivity. The Contamination Monitor 
is yet another aspect of Plessey service in nuclear instru- 


mentation. 


Designers and Engineers desiring further information should 
write for Data Sheet No. PNL 100. 


Quick check for safe food 
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the New 
Contamination 
Monitor 
PNI 1048 
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by | Plessey 7 


Patents Applied for 








Plessey Nucleonics Limited . Weedon Road 


Northampton + Telephone: Northampton 4966 


Overseas Sales Organisation: 
Plessey International Limited - Ilford + Essex 


Telephone: Ilford 3040 
®) PNLS 


England . 
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More Zinn 


SIR: I hope you will allow me to congratulate you on 
your excellent Geneva issue. I was not able to go 
myself but I feel that your survey articles have at 
least given me some idea of the main features. I was 
specially interested in your verbatim conversation with 
Dr W. H. Zinn which I thought was an unusual idea 
and a change from considered articles. I was surprised 
however that you did not get him talking about boil- 
ing water reactors since, as you no doubt know, he 
more than anyone pioneered these. 

Taunton F. R. HOWARD 


As it happens, we recorded a good deal more with 
Dr Zinn than we were able to include last month and 
in fact we went on to discuss boiling reactors. Rather 
than discard this we have included the remainder of 
the conversation in this issue. Ed. 


Full ahead 


SIR: In your account of Geneva I was surprised that 
you did not include anything at all on nuclear ship 
propulsion. There were I gather about half-a-dozen 
papers on this subject and I would have thought that 
they at least merited a mention. 

Glasgow A, MCKENZIE 


Whatever we did about Geneva we were bound to 
exclude something! Anyway, all is not lost and you 
will find ships treated at some length in this issue. Ed. 


Too much 


SIR: I question whether the Geneva scientific exhi- 
bition was really worth the tremendous effort and 
expense that went into it. So far as the general pub- 
lic is concerned it must be considered a total loss 
as it was for the overwhelming part away above their 
heads and had very little for the man in the street. 

For the scientists no doubt it had its points but I 
wonder if it really added anything significant to the 
papers. For example: magnificent no doubt though 
it was, what did the full-scale model of the Shipping- 
port reactor really do? Or again, much of the material 
on the UK and French stands could easily have been 
shown at the commercial exhibition. 

This latter, I thought had real purpose which the 
scientific exhibition lacked. Its purpose may have had 
little to do with science but it was that which after 
all makes industry work—the simple selling of goods 
to one another. 

London, NW9 P. CRANN 


Russian Hanford ? 


SIR: With reference to your table of Russian reactors 
printed on page 469 of last month’s journal, I under- 
stand that the 6 X 100 MW natural uranium, water- 
cooled, graphite-moderated power station, the first 
reactor of which recently started up ‘somewhere in 
Siberia’ produces steam at only 90 psi, 365°F. I 
wonder if this might be a Hanford-type plutonium 
factory? 


Copenhagen A. RAFEN 


1958 
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TURNERS 


put Industry 
in the 
, Picture 


Public relations, staff recruitment and 
training, publicity and selling, 

are just a few of the fields in which 
industrial films by Turners have proved 
themselves invaluable in making 

the wheels of industry turn more 
smoothly and more swiftly. 








The secret of Turners’ success ? 


Turners’ operators have the knowledge of 
photography and the experience of industry 
which combine to make film a profitable 


tool in the hands of the industrialist. 


You are invited to write for details. 
TURNERS FILM PRODUCTIONS 


Camera House, Pink Lane, 
NEWCASTLE UPON TYNE, I. 
Tel: Newcastle 2-539! 
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Surely the ideal to aim at is the utmost simplicity 
in the assimilation of computing techniques into 
existing organisations ... with minimum capital outlay, 
complete flexibility to changing requirements 
and infinite capacity for extension. 
Solartron’s answer is a versatile set of building bricks . 


— 


GE IO ME A IOS ER. 





SPACE (Solartron Precision Analogue Computing Equipment) 
The introduction of the Solartron precision range of computing “‘building- 
bricks” provides three alternative courses for those who require an analogue 
computer or simulator : 
i) Complete capital equipments may be ordered, tailored to specific 
requirements. 
ii) Existing computer or simulator installations may be simply and 
quickly expanded. 
iii) A small, pilot equipment may be bought initially, to be expanded 
from time to time with the growth of requirements and in phase 
with improvement of purchasing power. 


The range of available units is wide, allowing even the most complex 
machines to be built up, while retaining complete flexibility of operation. 
Write for illustrated 16-page brochure. 


SPACE ‘48’ 

A fully built-up analogue computer with a complement of 48 operational 
amplifiers. Push-button programming and zero-checking is simply carried 
out against a 4-digit co-planar display digital voltmeter, which also serves 
for direct measurement and indication at any amplifier output, or at any 
other point in the computing network. 

The central 1632-point patching panel is quickly removable, whilst 
mounting of all the passive networks and amplifier switching relays 
immediately behind the patching panel gives excellent accessibility, while 
maintaining good frequency response and high accuracy. 


MINISPACE — the baby computer that can grow... 

A completely new conception of a desk-side analogue computer, the 
MINISPACE uses standard Solartron SPACE building-bricks to give a 
machine which, though of small dimensions, enables rapid solution of 
many of the complex dynamic problems encountered in industry. 

Ten operational amplifiers are incorporated and all control and problem 
patching is carried out on the inclined control panel. Rapid expansion can 
be achieved by interconnection with a second MINISPACE. The price of 
the MINISPACE analogue computer, complete with power supplies and 
control ancillaries is £1,600. 
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Atomic Politicians 


Anyone who expected much in the way of 
positive practical results from the second 
General Conference of the International 
Atomic Energy Agency deserved to be dis- 
appointed. A tremendous proportion of its 
time was taken up with purely administrative 
detail and the many platitudinous and some- 
times politically contentious speeches of the 
General Debate. From these latter it seems 
clear that there is a still wide divergence in 
interpretation of the Agency’s aims among 
its members, the main bone of contention 
being that of its control function. For the 
immediate future of course, there is little hope 
of achieving much in this direction since the 
atomically developed countries are un- 
willing to accept what would amount to a 
loss of sovereignty. In other countries there 
is nothing to control yet. Owing to this fac- 
tor, the Conference had a strong background 
level of political undercurrents and indeed 
the new President, Dr Sudjarwo of Indonesia, 
called for a strengthening of the ‘ peaceful 
philosophy of the atomic politicians which 
the Agency includes.’ Rightly the question 
of control was shelved again and the Con- 
ference concentrated on the problem of 
assistance to underdeveloped countries. 


At the Geneva Conference, Francis Perrin 
cast some gloom over the opening session by 
remarking that nuclear power might not be 
of immediate interest to these nations and 
that in order to get themselves ready for it 
an apprenticeship period of conventional 
industrialization might be necessary before 
the political, economic and _ technological 
conditions were in a suitable state. This view 
was challenged by Homi Bhabha at the 


time and at the Vienna I[AEA meeting he 
was hotly reinforced by many delegates, Dr 
Sudjarwo in particular expressing impatience 
at the slow development of concrete mea- 
sures to bring nuclear power to those coun- 
tries. There is undoubtedly widespread sym- 
pathy for this view but there is clearly a 
danger in undue haste. Even the big atomic 
powers have by no means completely 
mastered the techniques of atomic energy 
and in the hands of inadequately trained 
staff any nuclear plant would constitute a 
fearful risk. 


Perrin may well be right. Without some 
kind of tradition of handling and operating 
machinery of conventional type, of being 
used to living with man-made danger, even a 
lengthy course of theoretical and practical 
work in nuclear energy may not be enough. 
This however need not be an insuperable 
barrier, as technicians could probably be 
sent out to supervise reactor plants in the 
same way as they already do in the oilfields. 


What constitutes an underdeveloped 
country is, of course, open to interpretation. 
For example, based purely on a national 
standard of living index, India would come 
into this category but in some areas she 
has a well-developed industry and is in our 
opinion quite ready for atomic power now. 


The IAEA undoubtedly has a great role 
to play in the coming years. It has made a 
very slow start but its momentum is gather- 
ing all the time and given reasonable—one 
cannot hope for complete—freedom from 
political acrimony, its second year should 
begin to show some positive results. 
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Worldview 


Plans for 650 MW station 


Britain’s seventh—and the Central Elec- 
tricity Generating Board’s sixth—com- 
mercial nuclear power station will in all 
probability be on the Suffolk coast. The 
Board have now applied to the Minister 
of Power and the Local Planning Author- 
itv for consent to build a two-reactor 
station of 650 MW at a place called 
Sizewell about four miles north of 
Aldeburgh. Selected after an extensive 
survey of the area, the site was chosen 
because the subsoil is capable of sup- 
porting the great weight of the reactors 
and unlimited cooling water can be ob- 
tained from the deep water close inshore. 
The area is generally above flood level 
and locally the coast line is stable. The 
site will allow for further development. 
Connexion to the 275 kV grid will be 
by transmission lines to the west. 

Here of the CEGB’s 
plans so far: 


is a run-down 


Berkeley 
Bradwell 
Hinckley Point 
Trawsfynnyd 


275 MW-—started 1957 
300 MW-—started 1957 
500 MW-—started 1957 
500 MW — permission 
granted and prelimin- 
ary site work started, 
but construction con- 
tract not yet let. Ten- 
ders due by end-1958 
550 MW — permission 
not yet granted 

650 MW— permission 
not yet granted 


Dungeness, Kent 


Sizewell, Suffolk 


Britain’s other station is at Hunterston, 
Ayrshire, for the South of Scotland Elec- 
tricity Board. With 320 MW, it was 
started in 1957. These seven stations total 
over 3000 MW, or half the target set 
for nuclear power in 1966. 


Thonemann for States 

One of Britain’s leading plasma physi- 
cists, Dr Peter Thonemann, head of Har- 
well’s Controlled Thermonuclear Reac- 
tion Division, is to spend a year from 
next March in America at the Institute 
of Advanced Studies, Princeton Univer- 
sity where Prof Lyman Spitzer’s team is 
working on the Stellarator project. The 
Harwell CTR programme will, in Thone- 
mann’s absence, be headed by Dr R. S. 
Pease under the direction of Deputy 
Director D. W. Fry. 

On the reactor side, Dr J. V. Dun- 
worth has been made Assistant Director 
of the A.E.R.E. (Reactor Research 
Policy) with T. M. Fry replacing him as 
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the month in atomic energy 


Head of Reactor Division. The Metal- 
lurgy Division is also to have a new 
Head, as present incumbent Dr H. M. 
Finniston is shortly to join the Nuclear 
Power Plant Co. 


Windscale No 2 finished 


The No 2 reactor at the AEA’s Wind- 
scale works—shut down since October 
1957, following the fire in No 1 reactor 
will be sealed off and never reacti- 
vated. This decision has been taken after 
a lengthy ways and means study follow- 
ing the recommendation of the Fleck 
technical committee that No 2 should 
only be restarted after a substantial in- 
crease in the number of instruments 
especially thermocouples—improvements 
to the fission product detection system 
and better exit air filters. These modifica- 
tions were estimated to cost so much 
that further production from the eight- 
year-old pile is now considered uneco- 
nomic. The decision was also influenced 
by the fact that Calder Hall is now in 
full production of plutonium and _ its 
twin, Chapelcross, is due operational 
soon. The decision will not of course 
effect the chemical separation works 
which indeed is being expanded to cope 
with irradiated elements, not only from 
Calder Hall and Chapelcross but also 


from the electricity authorities’ stations. 
It will be recalled that Windscale No 
I—an air-cooled plutonium production 
pile—caught fire during an operation for 
the release of Wigner energy in the 
graphite. No 2 was shut down purely as 
a precautionary measure. Later, No 1 
was declared written off, although hope 
was held out for No 2. Now this has 
been abandoned and the original Wind- 
scale plutonium factory is no more. 


Ten months at Hinkley 
Striking progress is reported in the ten 
months since work started at the site in 
Somerset where the English Electric 
atomic power group is building a 
S500MW station for the CEGB. So far 
most of the work has been by Taylor 
Woodrow, the civil engineering part of 
the group, and the main biological shield 
of No. 1 reactor is nearly 90 pe com- 
plete, with No. 2 already over 60 pc. The 
turbine hall foundations are nearly com- 
plete, a 3500-ft sea wall has been built 
and work has started on the water tun- 
nels. Soon the 240-ft high goliath crane 
will be erected; with a max. lift of 400 
tons it will position the reactor and heat 
exchanger vessels. 

Fabrication of boilers is already tak- 
ing place by Babcock and Wilcox at the 





SIZEWELL On the North Sea coast, the Central Electricity Generating Board 
have selected this site for a 650 MW nuclear power station and asked the Minister 
of Power and Local Planning Authority for permission to develop it 
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Worldview 


site and at the 
segments of the pressure sphere are being 
formed ready for site assembly. At the 
Group’s Whetstone 
graphite machining shop has been set up 
and is due for starting production of 
moderator blocks early in the new year 


CEGB's rapid growth 


The total installed capacity of the Cen- 
tral Electricity Generating Board’s 253 
power stations on 31 March this year 
was over 24,300 MW, giving a total out- 
put capacity with all plant in operation 
of 22,300 MW. By the end of 1963 it 
is planned to figure to 
32,100 MW made up as follows: new 
conventional plant, 10,325 MW; nuclear 
plant 1,575 (made up from Berkeley, 
Bradwell, Hinkley, Trawsfynnyd), old 
plant decommissioned, 2.100 MW 
figures, representing the rapid growth in 
the supply industry, were given in the 
first annual report of the Electricity 
Council, published on Sept 30. Other 
highlights from the report were as fol- 
lows, figures being for the year ended 
March 31, 1958: 


firm’s Renfrew works 


headquarters a 


increase this 


These 


Average generation cost 


per unit 0-666d 
Average price received 

per unit 1-534d 
Number employed in the 

industry 185,468 

Net surplus £M16 
Combined revenue £M474 
Units generated (millions) 86,613 

Coal consumed 43-8 M tons 
Oil consumed 1-8 M tons 


Average thermal efficiency 25°51 pe 
Peak demand (16.12.57) 19-311 MW 
Annual load factor (based 

on peak) 48 pc 


During 1957 it became apparent that 
Britain’s long-term fuel prospects were 
rather brighter than they were when the 
1956 nuclear plan was announced. The 
National Coal Board has now found that 
supplies of small coal in the period 
1965-66 are likely to be greater than 
was expected and so the CEGB’s con- 
struction 
heavier bias 


programme now shows a 
towards low-capital cost 
coal-fired stations. The swing to oil has 
also been checked following the warning 
of the Suez crisis. 

It should be noted that these figures 
do not include Scotland, which comes 
under separate electricity authorities. 


British win Expo awards 


At the Brussels World Exhibition, the 
Nuclear Power Plant Co has won the 
Supreme Grand Prix for exhibits con- 
cerned with the exploitation of nuclear 
energy. NPPC’s stand was the largest in 
the British Industry Pavilion and the star 
attraction was an enormous model to a 
scale of 1 in. to 1 ft of a two reactor 
400MW gas-cooled reactor power station. 
In the same category the UK Atomic 
Energy Authority won a Grand Prix and 
the English Electric, Babcock & Wilcox, 
Taylor Woodrow atomic power group, 
a diploma of honour, 

Altogether 17 Grands Prix were gained 
by firms in the British Industry Pavilion, 
together with 151 other prizes. Nearly 5 
million people visited the British section. 





PUNTA FIUME Pictured in an artist’s impression, the 150 MW nuclear power 

station known as Progetto ENSI is on the coast about 40 miles north of Naples. 

It will be built by the International General Electric Co. who won the contract 

against eight other firms. The 200 MW British station for AGIP Nucleare will 
be further up the coast towards Rome 
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ITALY 


ENSI contract for America 
The long-awaited SENN (Societa Elc:- 
tronucleare Nazionale) contract for te 
150 MWe power station known as P: 
getto ENSI, has gone to Internatio: 


General Electric Company—a division 
of General Electric Co, USA. This was 
announced in Rome on Sept 25 by Il 


(Istituto Ricostruzione Industriale) Pre i 
dent, Aldo Fascetti. 

The plant is to be built at Punia 
Fiume at the mouth of the Garigliano 
river near Naples and will be an im- 
proved version of GE’s 180 MW dual- 
cycle boiling water reactor now being 
built at Dresden, Illinois for the Com- 
monwealth Edison Company. One differ- 
ence will be the provision of two second- 
ary loops for the single generator group. 
President Fascetti indicated that the total 
cost of the station would be between 
£M22 and £M23 and it is estimated that 
about 70 pe of the plant components 
would be built by Italian industry. Part 
of the financing will be done by the Inter- 
national Bank of Reconstruction and 
Development through a loan to the 
Cassa per il Mezzogiorno—the Italian 
foreign aid administration. This loan is 
now the subject of negotiations at Gov- 
ernment level, Other problems remain- 
ing are the inclusion of the ENSI pro- 
ject within the recent Euratom-US agree- 
ment on fuel supply and the provision 
of cover for third-party risks by the 
Italian government. The World Bank 
loan is unlikely to exceed 30 pc of the 
plant equipment plus cost of the initial 
fuel charge. 

In addition to the agreement for the 
power station, the Ansaldo Co—part of 
the Finmeccanica group—is to have a 
licence agreement for the manufacture 
of reactors of this type and also for 
fuel fabrication. Ansaldo hope to make 
the replacement elements for the first 
core, and later, a complete second core 

The SENN contract resulted from a 
project study undertaken by three 
groups: a steering group under Mr 
Corbin Allardice of the World Bank 
and Prof Felice Ippolito, Secretary- 
General of the CNRN; a study .group 
directed by Professor Carlo Matteini 
and including international specialists 
and consulting engineers; the IBRD 
International panel headed by Dr W. B. 
Lewis, Atomic Energy of Canada. Inter- 
national GE won the contract against 
competition from AEI-JT, GEC, Eng- 
lish Electric and Mitchell Engineering 
of the UK, Atomics International, 
H. K. Ferguson and Kaiser Engineers of 
the US and Société Alsthom of France 

Prime contractor for the job will be 
International GE, with reactor design 
and fabrication by GE’s Atomic Powel! 
Equipment Department at San José 
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FRANCE Now working, the Mar- 
coule plutonium separation plant is 
one of the most modern in the 
world. Construction by the Saint- 
Gobain Co began in June 1955 and 
the plant is currently processing 
fuel elements from the G-] reactor. 
When G-2 and G-3 are fully opera- 
tional, throughput of plutonium 
will be about 100 kg a year. Active 
areas are behind heavy concrete 
walls and all the plumbing is in a 
special austenitic stainless steel 
developed for the purpose: there 
are no valves or pumps. Slugs are 
first decanned then disolved in hot 
nitric acid and passed to a series of 
tributylphosphate mixer - settlers 
from which three product streams 
emerge: depleted uranium, pluto- 
nium and mixed fission products. 


The plutonium stream is further 
purified in ion-exchange columns 
and then precipitated. Views of 
plant show: (left) at a process 


control point a plant operative takes 
a sample of active liquor for test; 
(right) a continuous evaporator for 
concentrating uranyl nitrate solution 
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California. The plant design engineer- 
ing will be by Ebasco Services Inc with 
construction by SENN. Construction of 
the plant is expected to start this year 
with completion scheduled for early 
1963. It is hoped however to achieve 
first criticality on Dec 2, 1962—the 20th 


Anniversary of Fermi’s first Chicago 
pile. 

In the Allardice-Ippolito Geneva 
paper on Progetto ENSI—read before 





the contract was awarded—a possible 
sent-out unit cost of just over 11 mills 
an 80 pe load factor and 
capital charges at 14 pe pa was indi- 
This would be about the same as 
an oil-fired plant of the same capacity 
built at the same time, The study in- 
dicated that under the same financial 
conditions a natural-uranium reactor 
would produce slightly more expensive 
power but that the gap would progres- 
sively decrease with capital repayment 
rates. 


assuming 


cated. 


Atomic law coming 


Legislation covering atomic energy was 
foreshadowed by Giorgio Bo, Minister 
tor Industry, speaking during the Geneva 
conference. He said the Fanfani govern- 
ment had inherited a difficult legislative 
position in that a comprehensive atomic 
energy law had still not succeeded in 
passing Parliament. It would be one of 
the new government’s first acts to pre- 
sent a new Bill on the subject, he de- 
clared. 

Signor Bo paid a tribute to the work 
of the National Committee for Nuclear 
Research (CNRN) which had struggled 
along for years on a very Jow budget 
but which had nevertheless set up 
excellent research centres at Ispra and 
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CNRN had also drawn up a 
valuable five-year plan which would be 
invaluable to the Government in plan- 
ning its legislative and economic pro- 


Rome. 


grammes. 


—————-UNITED STATES—— 


US-UK business moves 


The contract between Westinghouse and 
the British atomic group, Vickers Nuclear 
Engineering, for construction under 
licence of submarine reactors is now ex- 
pected to be signed soon, according to 
First Sea Lord, Earl Mountbatten, who 
visited Washington recently. He added 
that it was hoped to have Dreadnought 
afloat by the end of 1961. 

Another US/UK move is foreshadowed 
by the recent visit to Britain of Frank 
W. Davis of the AEC headquarters. It 
is understood that Mr Davis went to en- 
quire about the possibilities of making 
a considerable number of PWR and BWR 
pressure in Britain where of 
course they could be manufactured at 
considerably reduced cost. 


vessels 


Commercial A-sub planned 

The Maritime Administration is ex- 
pected to ask Congress in 1960 or 1961 
for legislation and funds for a 20,000- 
ton nuclear-powered cargo submarine. 
Costing about $M40-50, the ship would 
be about 530 ft long, 85 ft beam and it 
would need about 30,000 s.h.p. Maritime 
Administrator Clarence G. Morse said 
in Washington recently that Electric Boat 
Division of General Dynamics already 
had a design study contract to settle 
optimum sizes and speeds. This had 


already shown that although a sub would 
need the same power as a surface ship 








at 20 knots, at 40 knots it would be far 
less. The MA has already had numerous 
enquiries about a commercial sub-polar 
route, Morse said. 


ANS meet in Detroit 


Dr L. R. Hafstad, Researcn Vice-Presi- 
dent of General Motors Corporation, and 
Walker L. Cisler, President of Detroit 
Edison Company, have been named gen- 
eral chairmen for the American Nuclear 
Society’s annual meeting, to be held in 
Detroit from December 8-10. About 
1400 engineers and scientists from the 
United States and Canada with repre- 
sentatives from European and South 
American countries are expected to 
attend. Twenty-four technical sessions 
have been arranged, featuring approxi- 
mately 175 papers covering all phases of 
nuclear science and technology, includ- 
ing the development of nuclear rocket 
motors. 


EBR-2 plant bid accepted 


Construction of Argonne’s EBR-II at the 
National Reactor Testing Station at 
Idaho took a step forward recently when 
a successful bid of $M3-6 was declared 
for the second stage of construction. This 
is for installation of the 17-5 MW power 
plant and cooling tower and completion 
of the reactor building. Successful bidder 
was Diversified Builders Inc of Para- 
mount, Calif. Eleven previous contrac‘s 
awarded total $M3 and the overall final 
cost of the power demonstration plant 
is expected to be nearly $M30. H. K. 
Ferguson Co of Cleveland, Ohio, is the 
architect-engineer for the project. Next 
stage is the bidding for the fuel cycle 
facility, the sodium circuits and boiler 
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Worldview 


plant and this is expected early next 
year. 


or GERMANY ———— 
RWE reactor started 


Construction began recently at the Kahl, 
Frankfurt, site of the Rheinisch-West- 
falisches Elektrizitiitswerk’s 15 MW 
boiling-water power reactor. Prime con- 
tractors are Allgemeine  Elektrizitats 
Gesellschaft (AEG) in association with 
the International General Electric Co 
and the cost is estimated at £M3°S. 
Completion is expected by the end of 
1960. Under the agreement, General 
Electric’s Atomic Products Department 
at San José, California will be respon- 
sible for design and supply of the re- 
actor and steam plant and will also act 
as consultant for the whole plant. AEG 
will look after the conventional generation 
side of the station. The reactor will use 
low enrichment oxide fuel elements 
similar to those proposed for GE’s 
Dresden, Illinois, plant. Steam will be 
raised at 650 psig at the rate of 232,000 
lb/h and a design margin is included for 
subsequent output increase. German 
engineers will be trained by GE who 
will also give assistance in commis- 
sioning. 

It will be recalled that this contract 
was originally let to the AMF-Mitchell 
group last year. Following AMF’s dis- 
agreement with the USAEC on the Elk 
River plant, the German contract was 
cancelled in November 1957. New bids 
were invited by RWE and this time AEG 
won the award. 


SPAIN————- 
Junta brief Al for study 


A new type of nuclear power plant de- 
signed not only to generate electricity 
but also to produce radioactive isotopes 
and provide facilities for testing reactor 
fuel elements is to be studied by Atomics 
International for the Junta de Energia 
Nuclear, the government atomic energy 
agency. 

The contract between the two organ- 
izations calls for a study by Atomics 
International to determine the engineer- 
ing and economic feasibility of a Multi- 
purpose Nuclear Plant designed to gen- 
erate 20 MWe. The plant includes a 
heavy-water-moderated, organic-cooled 
reactor. 

The fact that the reactor is heavy- 
wuter moderated suggests that it will use 
natural fuel and this checks with Spain’s 
well-known desire to use her own fuel. 


——SOUTH AFRICA—— 
Developing uranium trade 


Exports of atomic materials — mainly 
uranium oxide—from the Union during 
the first seven months of 1958 were 
valued at £M31°9 compared with 
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£M26°3 for the same period. in 1957, 
according to Barclay’s Bank DCO’s 
Overseas Review. Total estimated work- 
ing profits from uranium production, 
before provision for interest and repay- 
ment of loans, was £M18°3 for the first 
half of 1958 against £M15°6 for the same 
period in 1957. 

These figures result from an easing of 
security restrictions recently announced 
by Dr van Rhijn—at that time, Minister 
of Economic Affairs but now appointed 
High Commissioner in London—whilst 
moving a second reading of the Atomic 
Energy Amendment Bill. One of the 
effects of the new Bill is a reconstructed 
Atomic Energy Board including repre- 
sentatives of industry. Dr van Rhijn 
foresaw a developing trade in uranium 
with countries outside the Combined 
Development Agency. 


— INTERNATIONAL — 
IAEA report progress . . . 


Ihe International Atomic Energy Agency 
is to carry out a survey of the nuclear 
power needs in underdeveloped coun- 
tries, to continue its studies of small 
and medium power reactors suitable for 
these areas and to assist them in plan- 
ning and implementing training pro- 
grammes. This was one of the most im- 
portant decisions taken by the Agency’s 
Second General Conference which closed 
in Vienna on Oct 4, and it reflected the 
dissatisfaction of many delegates at the 
slow rate of development outside the 
atomically-developed countries. Dr Homi 
Bhabha (India), for example, stressed the 
fact that in vast areas of South Asia and 
the Far East the problem was not one of 
the cost of power but of no power at all 
unless atomic energy was used; 20MW 
nuclear stations would, he asserted, find 
extensive use even if power costs were 
high compared with large power stations. 

The programme and budget for 1959 
as submitted by the Board of Governors 
was adopted with some amendments. 
Here are some of the other decisions 
made at Vienna: Total administrative 
appropriations for 1959 to be $5,252,000, 
target for voluntary contributions 
$1,500,000 ($844,000 already pledged); a 
small headquarters laboratory to be set 
up for standards and other work; a plan 
for conferences and symposia to be 
worked out. So far nothing concrete has 
been settled about disposing of the fis- 
sionable material the Agency has at its 
disposal but Director-general W. Sterling 
Cole said a draft agreement would be 
ready soon. After the Conference, on 
Oct 10. Mr Cole announced that an in- 
ternational panel of experts headed by 
Harry Brynielsson (Sweden) would be 
meeting shortly in Vienna to consider 
problems of radioactive waste disposal 
in the sea. 


... $0 does Euratom .. . 


In its nine months’ existence Eurator 
or the European Atomic Energy Cor 
munity, has made its mark on Euroy 
and the World. This is one of the mai 
conclusions drawn by the first annual re- 
port, which is being debated by th: 
European Parliament in its session begir - 
ning Oct 21. The most important achieve- 
ment so far is of course the US-Eurator) 
agreement. This has not actually been 
signed yet but both sides have approve 
the plan under which the six member 
countries will receive six American 
nuclear power plants with an aggregaie 
output of 1000 MW, to be operational 
by the end of 1963. These will be fin- 
anced by $M215 from Euratom plus a 
loan of $M135 from the Export-Import 
Bank. For research a sum of $M100 will 
be spent jointly during the first five years 
of the plan. So far, no agreement with 
Britain has been reached but the long 
drawn-out negotiations are continuing. 
The other big achievement of Eura- 
tom is the coming into force on Jan | 
next of the Common Market in nuclear 
material. This is part of the general 
Common Market Treaty which starts on 
the same day and 10 pc tariff reductions 
among the Six are expected immediately. 
It is expected that Louis Armand, 
Euratom President, will resign in favour 
of Etienne Hirsch, Commissioner of the 
French Economic Development Plan. 


... and so does ENEA 


Solid achievements are also reported 
from the European Atomic Energy 
Agency (OEEC). Its first annual report 
(from February 1) was presented to the 
Consultative Assembly of the Council of 
Europe meeting in Strasbourg on Octo- 
ber 15. Progress reported in the first six 
months of ENEA’s existence was as fol- 
lows: Commencement of work on the 
Eurochemic fuel reprocessing plant at 
Mol, Belgium; an agreement with the 
Norwegian Institute for Atomic Energy 
for the joint operation of the Halden 
boiling-heavy-water reactor; negotiations 
with the United Kingdom AEA for joint 
construction and operation of the Win- 
frith Heath high temperature gas-cooled 
reactor experiment. In addition, ENEA 
has carried out an exhaustive survey of 
educational facilities in Europe, framed 
proposals for health and safety stan- 
dards, prepared draft international agree- 
ment on third-party risks; carried out a 
study—under Mr Hart-Jones (UK)—of 
the possibilitiy of producing about 200 
tons a year of heavy water from geo- 
thermal steam in Iceland. Next spring a 
European nuclear industry conference is 
to be convened. The Director of ENEA 
is M. Pierre Huet. Britain is represented 
on the Steering Committee by Sir John 
Cockcroft and Sir Friston How. 
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WORLDBRIEFS 


@ iritain The Prime Minister has 
reappointed Sir Edwin Plowden to be 
chairman of the AEA till the end of 
December 1959. Mr W. Strath has been 
reappointed a member of the authority 
unti! October 16, 1959. 

@ Britain Bridgwater Town Council 
sent a resolution to the Prime Minister 
protesting about decision to equip 
Hinkley Point station for plutonium pro- 
duction, 

@ Britain Sir John Cockcroft has been 
awarded the Society of Engineers’ 
Churchill Gold Medal. 

@ Britain The AEA’s Winfrith Heath 
research centre is to be headed by D. W. 
Fry, deputy director of Harwell. 

@ Belgium contract for first 150 MW 
station is now expected to be 
awarded in 1959, Nine tenders—four 
British, one Belgian, one French and 
three American are being submitted. 


power 


@ Canada Orenda Engines have deve- 
loped a helium-cooled reactor. 

@ Denmark Sir John Cockcroft was 
presented with the Niels Bohr medal by 
King Frederik on Oct 7. 

@ Germany Ger- 
man authorities ordered three glandless 
heavy water pumps from Hayward Tyler 
Luton, for Materials Testing Reactor 
(DIDO-type) at Julich. 

@ Italy Botanical Institute of Pisa Uni- 
versity is to receive a Co-60 irradiation 
unit from the USAEC which it will oper- 
ate on behalf of the CNRN. It will be 
used to study irradiation effects on agri- 
cultural products and developments of 
disease-resistent strains. 

@ Italy The second symposium on 
Health Physics, organized by Pisa Uni- 
versity will be held next year on June 
7-8. It will consider radioactivity prob- 
lems in reactor operations. A permanent 
Italian Health Physics Association has 
been set up. 


Following Geneva, 


@ Italy The Italian Confederation of 
Industry has set up a Committee to study 
peaceful uses of atomic energy and to 
work with Euratom, With 25 members 
representing industry, the committee is 
headed by Vittorio de Biasi. 

@ USSR Prof Stanley Thompson of 
Berkeley and Harold C. Urey of Enrico 
Fermi Institute in Chicago visited Joint 
Nuclear Research Institute in Dubna re- 
cently. Urey said he was amazed at the 
vast scope of the research at the insti- 
tute, 

@ USSR Prof Georgi Pokrovsky, Soviet 
rocket expert, said in Moscow recently 
he doubted if atomic energy could be 
used in space vehicles. Temperatures 
would set a limit, he declared. 
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AUSTRIA The Second Annual Con- 
ference of the International Atomic 
Energy Agency was convened on Sept 
22 by Austrian Chancellor Julius Raab 
in the historic Hofburg. Pictures of 


the Conference show : (above) during 
the proceedings a_ fully-equipped 
mobile isotope laboratory for train- 
ing and demonstration purposes was 
presented to the Agency Director- 
General Mr W. Sterling Cole by the 
United States’ chief delegate, AEC 
Chairman John A. McCone; (centre) 
Mr Cole addresses the Conference; 
behind sit Conference President Dr 
Tjondronegoro Sudjarwo of Indonesia 
and Deputy Director-General Dr Paul 
Jolles; (below) representatives of over 
60 nations meet in the Festsaal 
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@® United States A two-day unclassi- 
fied conference held at the Oak Ridge 
on Oct 21 and 22 reviewed the AEC’s 
programme for gas-cooled reactor deve- 
lopment. Delegates heard reports on the 
prototype graphite-moderated reactor re- 
cently authorized by Congress, pebble 
bed reactor, heavy-water-moderated re- 
actor, high-temperature process heat re- 
actor and the marine propulsion reactor. 
@ United States The AEC has invited 
tenders for design, development, con- 
struction and operation of a gas-cooled 
graphite-moderated nuclear power plant 





to operate with exit gas temperatures of 
not less than 1000°F. Construction is to 
be completed by Dec 31, 1962. 


@ United States Chicago Bridge and 
Iron Co have won $M$ contract for the 
erection of the Elk River power reactor 
containment shell. Main contractors are 
ACF Industries Inc. 


@ Yugoslavia A commission is to in- 
quire into an accident in which six 
people working on a reactor at the Boris 
Kidric Nuclear Science Institute at 
Vinca received a large dose of radiation. 
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Meeting in the newly completed UNESCO 
building, delegates—according to our cor- 
respondents—viewed Picasso's vast mural 


with mixed feelings. It represents the 
triumph of peace and light over the forces 
of evil and death 


NO SPECIAL ATTENTION was 
devoted to instrumentation at the 
Geneva Conference. Many instrument 
engineers who attended Geneva there- 
fore visited Paris immediately after- 
wards and attended the International 
Symposium on Nuclear Electronics 
organized by the French Société des 
Radio-Electriciens. They were joined 
by instrument engineers from most 
parts of the world, and altogether 
more than four hundred engineers 
and scientists met to discuss 87 papers 
on current practice and techniques in 
nuclear electronics. 


REACTOR INSTRUMENTATION 

In opening the measurement session 
J. Weill (Saclay) endeavoured to be 
controversial in forecasting the in- 
creased use of temperature measure- 
ment as a substitute for neutron flux 
measurement in reactor control. He 
outlined a system in which power 
might be slowly brought up to 10°: 
of the maximum value by withdrawal 


of control rods over several hours, 
without cooling, before reaching 
criticulity. 


The distrust in existing electronic 
equipment was illustrated in a differ- 
ent way in a paper by A. B. van 
Rennes (Bendix Aviation) on behalf 
of his colleagues. This detailed a 
complete reactor instrumentation 
scheme which used thermionic valves 
in only one position. This was in the 
logarithmic d.c. channels where sili- 
con diodes were used as the logarith- 
mic elements but an_ electrometer 
valve remained necessary to measure 
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the voltage appearing across the 
diode. The diodes have a substantial 
temperature coefficient, and therefore 
have to be temperature stabilized. 
Slow drifts do not, however, affect the 
accuracy of the subsequent period 
measurement. In the period amplifier 
and the linear d.c. channels which 
were very similar, drift was minimized 
by using a balanced input stage with 
the two transistors involved packaged 
together. 

Various safety circuits were also 
described, Examples of new develop- 
ments included a chopper-type d.c. 
amplifier, in which a stability of 10°" 
amp was recorded over the range 20 
to 55°C, and a_ wide-band pulse 
amplifier which could be used 100 
metres from the detector components 
without using a pre-amplifier unit. 
This was a most interesting paper to 
which many attending would have 
liked to have seen more time devoted. 


New ways to reliability 

The same author also contributed 
a paper on reactor philosophy. The 
early reactors were either large 
graphite production reactors or small 
research reactors operating at rela- 
tively low temperatures. With the 
advent of high temperature stationary 
and mobile power reactors, new 
approaches to reactor control have 
been required in which equipment re- 
liability is increasingly important. He 
discussed four ways of increasing the 
assurance of reliable operation of 
control instrumentation : 
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1. use of circuits which ‘fail to 
safety ’ 

2. use of multiple parallel measuring 
channels which can _ independently 
demand a safety response (auction 
eering) 

3. use of self-checking methods to 
indicate failure or impending failure 
of components and 

4. use of components and circuits 
having very high reliability. 


Digital techniques 
Early systems relied on combinations 
of failure to safety and the auction- 
eering of independent parallel chan- 
nels. These techniques satisfied the 
requirements of research reactors, but 
caused unnecessary shut downs. The 
need to avoid unnecessary shut downs 
of expensive test, power and pro- 
pulsion reactors has shifted the em- 
phasis from auctioneering to coinci- 
dence comparison of independent 
instrument channels and had led to 
self-checking systems and the use of 
ultra-reliable components. Fuarther- 
more, attention formerly centred on 
reactor flux period, and control rod 
status is being transferred to other 
important process variables. In addi- 
tion, a realization that proper opera- 
tron of the coolant system and asso- 
ciated thermal plant is essential to 
reactor safety has encouraged the use 
of automatic start up systems and 
power control systems, which permit 
the operator to devote his attention to 
the entire plant and anticipate any 
dangerous situation. 

Van Rennes went on to explain that 
increased reliability in future reactor 
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control systems will be obtained 
through the use of solid state and 
magnetic components. The application 
of digital computers and digital com- 
puter techniques, already being con- 
sidered for safety and operational 
control, will provide reliability 
through built-in redundancy and self- 
checking. There was general agree- 
ment with the trends envisaged by 
van Rennes and many examples from 
reactors now being designed were 
presented by various speakers. 

B. B. Barrow of the USA gave a 
paper on transients in logarithmic 
counting rate and period meters. His 
paper analysed the logarithmic diode 
counting rate meter and period meter 
as shown schematically in figure 1, 
treating the problem of obtaining 
rapid response to reactor flux tran- 
sients while minimizing the spurious 


rotating sector of cadmium sheet, a 
swivelling boral shutter, or a borated 
chemical liquid such as diethyl borate 
filling a sheath around the chamber. 


A fission product detector 

An unusual thermal neutron detec- 
tor undergoing tests in France consists 
of a small deposit of metallic uranium 
on the inside wall of a gas-tight pipe. 
Fission products are blown along bya 
gas flow of appropriate velocity into 
an internal detector. The time lag is 
short—of the order of 0:1 sec—and 
the measurements are not affected by 
the gamma flux inside the reactor 
vessel. It would seem that this method 
has real possibilities for continuous 
flux scanning since the pin point size 
and low absorption of the fissile spot 
makes it possible to contemplate using 
a large number of these detectors in 





Period-measuring system for use at low flux levels (Fig 1) 


fluctuations by the random nature of 
neutron detections with the counter (/). 


Ideas on reactor ion chambers 

The symposium included several 
papers describing the reactor instru- 
ments used on the various French re- 
actors. The detector is almost always a 
compensated ionization chamber—i.e. 
one with good sensitivity to neutrons 

coupled with maximum insensitivity 
to gamma _ radiation. One design 
which was described used 11 plates, 
separating 10 elementary chambers 
which are alternately sensitive to 
gammas only and to neutrons plus 
gammas, according to whether or not 
the electrodes are coated with boron 
carbide. The chambers are often sur- 
rounded, as is common practice in 
this country, with a lead shield 
designed to attenuate the gamma 
radiation, whilst at the same time in- 
troducing only a low-neutron flux 
absorption. It was explained that in a 
reactor where the space reserved for 
detection is such that the flux consists 
essentially of fast neutrons and gam- 
mas, the shield fulfils the double pur- 
pose of absorbing gammas and slow- 
ing down neutrons. This is accom- 
plished by arranging in the block of 
lead channels filled with water, which 
at the same time cool the block and 
slow down the neutrons. 

It is also possible to place mobile 
shields around the chamber to reduce 
the incident flux at high power. These 
mobile shields consist of either a 
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the reactor core. 

The pre-amplifiers and main ampli- 
fiers used with the compensated ion- 
ization chambers appear to be con- 
ventional. The period meter which is 
popular in France consists of a servo- 
mechanical analogue divider which 

dp 
performs the division — /P starting 
dt 
from a voltage proportional to P. 
The equipment used consists of a 
modified self-balancing recorder as 
shown in figure 2. Improvements have 
been made to this equipment by the 
addition of several time constants 
related to the different periods of the 
delayed neutrons and gives a re- 
activity estimation which is closer to 
reality. On the other hand _ period 
dp 
meters which calculate — /P, as used 
dt 
in Britain and America are also 
employed in France, because the 
earlier system has bad dynamic re- 
sponse during variations of reactivity, 
and because of the necessity of dis- 
connecting this earlier version of 
period meter when high value resist- 
ances are switched on the power 
measurement systems. 


Canadian period meter 

During some of the informal dis- 
cussions there was reference to a new 
period meter circuit due to A. Pearson 
(Atomic Energy of Canada Ltd). This 
is shown in figure 3 and is a develop- 


ment of the British system using a 
pentode circuit with a thermionic d.c. 
amplifier maintaining constant anode 
current by feeding back to the 
screen (2). Another d.c. amplifier is 
used for differentiation. Some design- 
ers have sought to replace these ther- 
mionic valve d.c. amplifiers by 
instruments using semi-conductor 
devices. Pearson adopted the other 
approach of using a transistor-mag- 
netic amplifier-servo motor combina- 
tion to drive a potentiometer and 
thus position the screen voltage of 
the pentode, the logarithmic charac- 
teristic being obtained by connecting 
a tachometer to the motor. Having 
the log power available as a shaft 
position enables one to employ an 
accurate readout. One dial could read 
the decades, and a second dial turning 
once per decade could be used for 
interpolation. Apparently this system 
is also used in the United States. 


Reactivity measurement 

There was some discussion about 
instruments capable of estimating re- 
activity with good precision and the 
use of analogue computation in this 
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Period meter popular in France uses 
this modified self-balancing recorder 
(Fig 2) 


connexion. These instruments are 
really highly developed pile simula- 
tors in which the display potential of 
the ‘reactivity’ parameter is con- 
trolled by the difference between the 
power level measured on the pile, and 
the power value calculated by the 
simulator. Under these conditions the 
reactivity displayed follows faithfully 
the fluctuations of the actual reacti- 
vity. One system developed by the 
French is shown in figure 4. 

On the detection of leaks in fuel 
element cans, discussion centred on 
detection by the growth of the beta 
activity of the solid products collec- 
ted on electrostatic precipitations. In 
the actual system developed by the 
French the hot gas, taken from each 
channel with a sampling tube, passes 
through a cooler which brings its tem- 
perature to 50°C and then passes 
through a filter before getting into the 
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New period meter circuit 
from Canada is developed 
from the British system 
using a pentode circuit 
with a thermionic d.c. 
amplifier maintaining con- 
stant anode current by 
feeding back to the screen 
(Fig 3) 


tachometer output 


decay chamber. In this chamber the 
gaseous products of short half life 
rest for several seconds; they decay 
giving rise to the solid products 
which are caught on the electrostatic 
precipitator. The activity A, of the gas, 
measured by the photomultiplier is 
stored in a memory. The solid daughters 
are then collected and their activity A 
is measured by the same photomulti- 
plier. From A is subtracted the mem- 
orized value of A,, so that the resid- 
ual signal characterizes only the acti- 
vity of the deposit. The evolution 
measurer takes up this signal and 
equilibrates it so as to annul this 
signal. All later measurements on the 
same channels must give a zero read- 
ing unless a leak has appeared during 
the interval, or unless an existing leak 
has developed. The measurement 
completed, the detector is directed 
automatically to the next channel and 
so on. 


Transfer function measurement 

Papers on automatic control instru- 
mentation provided a logical transi- 
tion to the subsequent reactor simu- 
lation session. Various French reac- 
tors were described: G-11 (Marcoule), 
EL-111 (Saclay) and MELUSINE, the 
swimming pool reactor at Grenoble, 
and the automatic control systems 
which have been used. G. T. R. 
MacLusky (Harwell) spoke on _ the 
design and the subsequent operational 
experience with the automatic control 
system for the LIDO swimming pool 
reactor, with particular reference to 
the limitation in reactor period and 
the prevention of overshoot when 
large changes are made in demanded 
power. An account was also given of the 
measurement of the transfer function 
of the reactor and control rod system 
over the range 0°02 to 5 cps, the cal- 
culation of the loop characteristics 
and the design of the auto-control 
unit. Here again transistors, not 
valves, were employed. 

Two papers were read in this sec- 
tion by A. B. van Rennes. One was 
on analogue studies of the serious 
thermal shock problems in sodium 
cooled reactors, which were used as 
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a basis for determining the instrumen 
tation needed to protect a reactor 
from fuel damage or coolant boiling. 
The other demonstrated the use of 
signal flow graphs in kinetic studies 
of reactors and reactor control sys- 
tems as a basis for rapid determina- 
tion of the transfer function between 
any two joints in the system. 


RADIATION DETECTORS 

Scintillation counting received by 
far the most attention, and the papers 
by such well known personalities as 
Professor H. Kallman (USA), J. B. 
Birks (Manchester University) and 
R. B. Gwen (Harwell) set a high stan- 
dard from the outset. Professor Kall- 
man spoke of the reduced fluores- 
cence of many organic phosphors 
under high energy excitation. This he 
explained in the case of liquid scin- 
tillators in terms of poor energy trans- 
ference from solvent to emitting sol- 
ute, which could be largely overcome 
by the use of intermediate solvents. 
Similar processes were shown to be 
applicable to solid organic scintilla- 
tors and it is apparent that scintil- 
lators with improved performance 
under high energy excitation can be 
expected by the further exploitation 
of this technique. 

Van Sciver (USA) reported on the 
work done by his company in the 
use of solid state physics in gaining 
more information on the well known, 
but still inadequately understood, 


Analogue computation system deve- 
loped by France can estimate reacti- 
vity with precision (Fig +) 





scintillation mechanism in_ sodiur 
iodide. Koechlin presented result; 
obtained at Saclay from recent ex 
perimental studies on the propertic 
of a number of scintillators. 


Semiconductors as detectors 
A group from Saclay reported o 

research in the use of semiconductor; 
as radiation detectors. Many interes 

ing properties were reported withovt 
there being any real convincing ev 

dence on the likelihood of these 
detectors replacing the classical type 


GAMMA SPECTROMETRY 

Italian specialization in this field 
was evidenced by the choice of Dr 
Facchini and Professor E. Gatti as the 
introductory speakers and contribt 
tions by B. Rispoli and his colleagues 
J. P. MacMahon (USA) spoke on a 
dual step process in analogue to 


digital conversion. The analyse: 
described contained two address 
scalers: after the address has been 


obtained in a fast address scaler, it is 
transferred to a second and a memory 
cycle started. The scaler is then ready 
to accept a new address while this is 
in progress, and in_ the _ interval 
between pulses the contents of the 
magnetic core memory are continu 
ously display on a CRT. This appears 
to be a most useful technique and 
Dr MacMahon’s audience appeared to 
be very impressed but in some cases 
not entirely convinced. Designers of 
pulse-height analysers and_ spectro 
meters will look forward to the publi 
cation of the full paper in due course. 


Modified Hutchinson-Scarrott 

Dr A. M. Hoogenboom (Holland) 
spoke on the sum coincidence method 
and the improved resolution which 
it can afford in gamma-spectrometry 
(/): A multi-channel gamma spectro- 
meter with automatic Compton or 
background subtraction was described 
by W. J. Callow (UK). Two scintil 
lators, one of low atomic number and 
one of high atomic number are used 
in the manner first described by 
Pierson (2). The multi-channel pulse- 
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heig'' analyser is a modification of 
the iginal Hutchinson and Scarrott 
instrument with CRT display and 
automatic print-out facilities. 


FAST PULSE TECHNIQUES 


One of the interesting features of 
this session was the European use of 
nanoseconds (ns) for 10~° sec, and the 


gradual conversion of some of the 
British and American speakers to use 


of this terminology during the week. 
Papers on trigger circuits, coincidence 
circuits, scalers and chronotrons were 
presented from several different coun- 
tries 


Avalanche circuits 


Dr P. R. Orman (Harwell) described 
the pulse-sampling type of oscillo- 
scope in which fast recurrent wave- 
forms can be reproduced on a con- 
ventional c.r.o. by means of a low- 
frequency sampling waveform which 
reproduces one very short section of 
the test pulse for each sampling cycle. 
By this method response can _ be 
obtained up to 300 Mc/s. This is 
much less than the response obtain- 
able with the travelling-wave oscillo- 
scope, but adequate for many nuclear 
applications beyond the reach of nor- 
mal laboratory equipment. Sensitivity 
can, of course, be much better than 
a travelling wave oscilloscope for 
direct-viewing. This paper _ also 
covered the use of avalanche transis- 
tors in the sampling circuit to make a 
compact add-on unit. The basic 
avalanche circuit is shown in figure 5. 
The transistor oscilloscope* using the 
sampling principle is shown schematic- 
ally in figure 6 and is designed with a 
rise time of 1 ns (millimicrosecond) 
and full-scale deflexion for 100 volts 
with an input impedance of 1 micro- 
microfarad and | megohm. In this 
system short sections of the repetitive 
input waveform are sampled _pro- 
gressively by a pulse producing output 
pulses of relatively long duration 
proportional in amplitude to the part 
of the waveform sampled. These 
pulses are then built up on the c.r.t. 
into a replica of the input waveform 
but on a greatly increased time scale. 
The complete oscilliscope attachment 
uses one type SB 100 transistor (Fea 

50 mc/s) and 10 type OC 44 tran- 
sistors (Fea 10 mc/s), three of the 
latter being used in the avalanche 
mode and only one of these need be 
selected for fast operation. 

An interesting contribution on the 
use of a spark counter as a simple 
random pulse generator for testing 
fast circuits came from J. Fleury of 
France. Large pulses can be obtained 


an design is due to Dr G. B, B, Chaplin of 
Rt 


NUCLEAR POWER November 1958 


with an output impedance of a few 
ohms with a time duration of 5 ns. 


TRANSISTOR ELECTRONICS 

In a session devoted entirely to this 
subject, E. H. Cooke-Yarborough, 
head of the electronics division at 
Harwell, gave the introductory paper 
in which he illustrated the great 
superiority of transistors over ther- 
mionic valves in small portable instru- 
ments and in large complex items 
such as digital computers and multi- 
channel analysers with reference to 
AERE designs. As evidence of re- 
liability, the computer CADET?*, contain- 
ing nearly 400 transistors, achieved an 
average operational duty cycle of 160 
hours per week. He felt that the 
earlier reluctance to employ transis- 
tors had now been largely overcome, 
and forecast a steadily growing use in 
the remaining applications in which 
as yet little headway had been made. 
Some of the applications which were 
discussed in the later papers included 
reactor instrumentation, Hoge and 
Niehaus of the Bendix Corp, USA, 
describing a complete transistorized 
system using only one thermionic 
valve, and time of flight spectro- 
meters in which Gutman of Saclay 
described his transistorized time of 
flight selector using 700 transistors 
and transistorized instruments for 
radioactive survey. 


Stable low voltage supply 

Transistor stabilized low voltage 
power supplies with a stabilization 
factor of 10° and a d.c. output im- 
pedance down to 2 * 10°* ohm were 
dealt with by W. Czaja of Switzer- 
land. He made an interesting com- 
parison with lead acid cells where the 
output voltage may take an hour to 
complete an exponential recovery 
after removal of comparatively small 
loads. 


PROSPECTING AND PROTECTION 

In a general introductory survey 
paper outlining the main instruments 
required for health protection meas- 
urements and for prospecting. Dr J. 
Laboyrie of Saclay mentioned parti- 
cularly radioactivity contamination 
measurements for dealing with solid 
liquid and gaseous contaminants, and 
showed how, in prospecting instru- 
ments, some of the problems were 
essentially the same. 

Examples of some British contam- 
ination monitors were given by W. 
Kiryluk (Burndept Ltd), in particular 
a new portable monitor using a scin- 
tillation detector which could be 


tDetails of the operational experience with CADET 
are given in a forthcoming paper by Barnes & 
Stephens to be read at a meeting of the Institution 
of Electrical Engineers. 
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Basic avalanche circuit 
Stable off state: provided Ip > I. 
the diode conducts, |. is zero and V. 
assumes the avalanche value of about 
50 V Transient on state: initiation of 
I. causes V. to rise towards emitter 
potential, discharging C in 1 or 2 ms 
(Fig 5) 


adapted for the detection and moni- 
toring of betas, gammas or neutrons. 
Again, transistors are used through- 
out which helps very much in the de- 
sign of a really compact instrument. 


Low activity effluent monitoring 

G. D. Smith of Plessey Nucleonics 
Ltd also spoke on the design of equip- 
ment for monitoring liquid effluents. 
He dealt particularly with the type of 
effluents which are encountered at 
nuclear power stations, but from dis- 
cussions which followed, there is 
apparently a large interest in the con- 
tinuous monitoring of much _less 
active liquid down to the level of 
normal water supplies, For low level 
measurements of this sort it will be 
necessary to use scintillation counting 
and deal with large bulk samples. 
However, it may be noted that the 
compact low level counting arrange- 
ment described by K. van Duuren 
(Geneva paper 2343), which uses a 
small size central counter and an an- 
nular counter connected in anti- 
coincidence, should be useful for 
measurements of intermediate activi- 
ties. Van Duuren’s system gives a 
background counting rate correspond- 
ing to 0°9 cpm with a rms error of 
5 pe in 24 hours. 

In a paper on the sorting of uran- 
ium ores, J. Berbezier and G. Hubert 
(Saclay) described a counting cylin- 
der which provides measurement of 
the radioactivity and weight of ore 
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Transistor oscilloscope using the sampling principle is designed for a rise time 
of | ns. X and Y waveforms are 10 V amplitude and are connected to an existing 
oscilloscope 


contained in each skip, a system 
which classifies pieces of ore, already 
classified according to size, according 
to radioactivity content, a pneumatic 
jack operated through a radiation 
detector pushing out pieces having a 
grade superior to a given value and 
the control on the conveyor belt. 
They also described the control of 
pulps: when ore is delivered to the 
processing plant as pulp, measures of 
teed, density and radioactivity are 
required and the authors described 
how these measurements are carried 
out. 

With C. Lallemant, J. Berbezier 
also presented a paper on the use of 
scintillation detection in radioactive 
survey. In particular they discussed 
portable scintillation counters, vehicle 
scintillators, and instruments for air 
survey and well-logging. The French 
developments appear to have fol- 
lowed much the same lines as the 
British and American developments 
recorded at Geneva (papers 299 and 
1909). However, in one respect they 
appear to have gone further by 
making use of amplitude discrimin- 
ation, i.e. energy discrimination, to 


provide’ relative measurement of 
potassium, thorium and _= uranium 
content. 


Aerosol sampling 

A method of plutonium assay in 
air was described by A. Blanc, also 
of Saclay. Aerosols are collected by 
pumping the laboratory air through a 
filter paper and daughter products of 
radon and thorium in the atmosphere 
become attached to aerosols and also 
appear on the filter. Since the plu- 
tonium m.p.l. is lower than the pos- 
sible radon/thorium concentration, 
direct alpha counting is not satisfac- 
tory. However, both RaC and ThC 
emit a short half-life alpha particle, 
followed by a beta emission, Their 
activity can therefore be ascertained 
by alpha-beta coincidence, and _ this 
count subtracted from the total alpha 
activity, giving a net result propor- 
tional to plutonium activity. 
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Results obtained at Saclay with a 
body monitor, in which radioactive 
isotopes present in the human system 
are identified by a scintillation spec- 
trometer, were presented by A. 
Lansiart. Judging from the pictures 
shown, the measurement may not be 
too comfortable for the * source,” par- 
ticularly if affected by claustrophobia, 
but some of the findings were in- 
teresting. The main constituent of 
natural radioactivity in human beings 
is, of course, K-40 and the average 
content was found to be about three 
times greater in man than in woman. 
Caesium-137, the most abundant long- 
lived fission product, can now be 
found in all people tested, the average 
concentration being about one-third 
the K-40 activity. The equipment has 
been displayed at the Geneva Exhi- 
bition and Dr Lansiart presented 
some of the results obtained with their 
interpretation. The association with 
particular isotopes of some of the 
people tested was most obvious. 


Checking Argon-41 

There was naturally an inclination 
to compare the French apparatus, 
which was fairly conventional, with 
the apparatus displayed and operated 
by the US team in Geneva, known as 
the ‘walk-in human counter’ (5). 
When the human being is in position 

—standing—he is surrounded over a 
solid angle of 27 by a liquid scintilla- 
tor. Six 16-inch photomultipliers are 
used and a measurement normally 
takes 40 seconds. The French appara- 
tus uses a single sodium iodide crystal 
and consequently a measurement takes 
much longer—15 minutes—but since 
a 25 channel pulse amplitude analyser 
is employed it is possible to obtain 
very much more information. 

J. Marvaud (France) described a 
differential ionization chamber for the 
measurement of small amounts of 
radioactivity in a gas. After balanc- 
ing, one chamber is filled with the gas 
to be measured. One use of the equip- 
ment is for checking A-41 content in 
the vicinity of nuclear reactors. 


Is standardization really possible ? 

After the symposium, a visit was 
arranged as part of the official p: 
gramme to the Nuclear Resear 
Centre at Saclay. Recent Frer 
electronic equipment was extrem¢ 
impressive. It appears that Saclay, 
backed by industry, is designing and 
producing a range of nuclear instru- 
ments whose specifications seem good 
and whose standards of mechanical 
design and manufacturing quality seem 
excellent. All electronic engineers 
have their private opinions on the 
merits and drawbacks of plug-in 
unitized construction, but at Saclay 
we saw a complete range of nuclear 
counting instruments built in this 
form, realizing the operational and 
servicing advantages which can be 
achieved. After an initial admiration 
the questions which sprang to mind 
were commercial rather than techni- 
cal. Would the various competing 
firms in any country agree on stan- 
dardized unit mountings? If they did, 
would their units be truly interchange- 
able? Do commercial users want this 
opportunity, or, recognizing the gap 
between idealism and reality, do they 
prefer to buy complete systems from 
one supplier? Above all, are the 
admirers of planned unitized con- 
struction prepared to pay more for 
it? There remains a habit of using a 
television set as a _ yardstick for 
pricing electronic equipment. There is 
also a situation in many research 
establishments in which it is easier to 
multiply the labour of research staff 
and service technicians than to lay 
out more in capital expenditure. 
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Credit to the Radio-Electriciens ! 

In the corridors of some of the 
laboratories were show cases in which 
firms were allowed to display their 
latest components. This must be of 
considerable assistance to the staff 
providing that the displays are kept 
up to date—should this be done at 
research laboratories in this country? 

It is surprising that nowhere in 
Western Europe has there previously 
been a nuclear electronics symposium 
on this scale. All the more credit must 
therefore be given to the Société des 
Radio-Electriciens who organized it. 
The day of spectacular change in 
nuclear instrumentation has passed, 
but steady progress is being main 
tained in an ever-widening variety 
of techniques. A symposium of this 
size is certainly not justified as a 
frequent event. Perhaps in a_ few 
years’ time there may be one in Eng 
land. 
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1. The icebreaker ‘Lenin’ 


THE SELECTION by the USSR of 
an icebreaker (/) for the installation 
of a nuclear power unit is an attempt 
to answer the vexed question of pro- 
ducing an economically competitive 
vessel within the present limits of re- 
actor technology. The Lenin* is de- 
signed to make 2 knots through ice 
7 feet thick, or a maximum of 18 
knots in a quiet sea. Full power of 
44.000 h.p. is to be transmitted by a 
turbo-electric system to 3 propellers 
and a forward propeller thrust of 330 
tons is claimed. The endurance of one 
year at full power (equivalent to two 
years of expected normal operation) 
between core refuelling, offers the 
possibility of Arctic navigation of 
ship convoys which could not be 
attempted by conventionally powered 
icebreakers. 


Three reactors 
Reliability and safety considerations 
have outweighed economy of con- 
struction and operation in designing 
the propulsion system—hence the ship 
carries three pressurized-water reac- 
tors, one of which is normally kept in 
reserve although it can be put to use 
if required by ice-field conditions. The 
reactor cores are specified as follows: 
core diameter ab. 1 m 
core height ab. 16m 
fuel (5 pe enr.) sintered UO, 
U-235 inventory 85 kg 
canning Zr alloy ors.s. 
poisoning natural boron 
heai output 90 MW 
maximum heat flux 10° k cal/m*/h 
(360.000 
Btu/ft’/h) 
operating water pressure 200 kg/cm° 
(2.850 psi) 
water temp.—inlet 248°C 
water temp.—outlet 323 C 
water circulation rate 1000m*/h 
(3667 gpm) 
lt is claimed that the elongated core 
with top control rod entry reduces 
embarrassment from xenon poisoning 


*She is now having her first core loaded and is 
for trials early next year. 
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as well as permitting a large burnup 
of the fuel charge. The core is de- 
signed for cold water entry below the 
central channels and divided outflow 
at the top. A steel-and-water lamina- 
ted thermal shield and reflector of 
224 mm total thickness is cooled by 
partial flow of the primary circuit. 
Sintered uranium dioxide was selec- 
ted as fuel since it is chemically inert 
with water, is stable under irradiation, 
is not subject to metallurgical phase 
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Last month we commenced a 
series of special reports on 
sections of the 1958 Geneva 
conference. It continues with 
this article and two others — 
economics (p. 541) and re- 
search reactors (p. 546). 





changes within the operational tem- 
perature range and is relatively simple 
to decontaminate if and when fission 
products enter the primary circuit. 


Reactivity compensation 

A burnable poison (boron com- 
pound) is to be used to reduce the 
initial excess reactivity. This will be 
introduced into the central channels 
to flatten the neutron flux and hence 
reduce the thermal load and allow a 
more even burnup. Reactor power 
level control is effected by an auto- 
matic regulator—duplicated—govern- 
ing three rods: manual operation is 
however available if required. For 
emergency shut-down the safety rods 
can be driven into the core in 06 
second and these are spring-loaded to 
ensure operation in the event of a 
power failure. Slow reactivity changes 
due to poisoning, fuel burnup and 
slag formation are compensated by 
additional plates, semi-transparent to 
neutrons. The configuration of these 
plates will be decided, after trials, to 
minimize flux distortions. 


Nuclear powered ships 


US and Soviets in business 
— French at study stage 


by K. MADDOCKS, B.Sc. (Tech), M.1.Mar.E. 


Yarrow-Admiralty Research Department 


The pressure vessels are each ap- 
proximately 2 metres external dia- 
meter and 5 metres height, fabricated 
from low-alloy carbon steel with 
stainless steel liners. 


Moderate superheat 

Steam conditions lower than con- 
ventional modern marine practice are 
an intrinsic part of a simple pressur- 
ized-water system. In the Lenin in- 
stallation a moderate degree of 
superheat is provided and the follow- 
ing machinery specification emerged: 


weight of reactors and 
ancillary plant including 
shielding (operational) 
weight of shielding 
weight of turbo-electric 
propulsion plant and aux- 
iliaries excluding above 
items (operational) 

steam output from heat 
exchangers 

steam conditions at heat- 
exchanger outlet 


3017 tons 
1963 tons 


2750 tons 
360 tons/h 
310°C, 400 psia 


Steam generation is effected in three 
self-contained systems. The primary 
circuit flow from each reactor is divi- 
ded into two loops which can be iso- 
lated if required while the reactor is 
critical. Each loop consists of a steam 
generator, two main circulating pumps 
and one emergency pump, a bleed 
filter and filter cooler and a pressur- 
izer. Each steam generator is designed 
to act an economizer, boiler and super- 
heater and has a total heating surface 
of 372 m*® (4000 ft). The pressurizer 
is operated by producing a steam 
cushion with electrical immersion 
heaters. 

Owing to appreciable fluctuations in 
main turbine power under normal ser- 
vice conditions, a regenerative feed- 
heating system with bleeds from the 
main turbine was not used. Feed heat- 
ing is confined to a single stage sup- 
plied by the auxiliary turbogenerator 


535 











lis 


Seen fitting out at Leningrad, the ship has a special bow form. With the full 
power of 44,000 h.p. from her three pressurized-water reactors, the 16,000 ton 
‘Lenin’ has the highest power/weight ratio in the world (Fig 1) 


exhaust and produces a feed water 
temperature of 100°C. 


Steel and water shield 

The main biological shield is con- 
structed mainly of steel and water 
laminates with volumetric equality ex- 
cept in regions of complex geometry, 
such as the top penetrations for the 
primary circuit, where heavy limonite 
concrete is used. The main shield 
water is circulated in a closed system 
which includes a sea water cooler. 
Locations to be manned for mainten- 
ance or operation have a steel second- 
ary shield 300 to 420 mm thick. The 
integrated radiation dose expected at 
3 metres from the reactor is of the 
order of 0:2 m.p.l. 

The design of the main propulsion 
turbines follows accepted practice for 
use of steam at moderate superheat, 
reaction blading being used with 


throttle control for simplicity. Again, 
reliability is the main design criterion 
claimed ; hence all main service units 
such as condenser circulating pumps, 
feed and lubricating oil pumps are 
duplicated. These pumps are all steam 
turbine driven, the remaining auxiliary 
pumps being motor driven. Precau- 
tions to prevent contamination of feed 
water include double sheet tubing of 
the condenser and make-up feed pro- 
duced by double distillation of sea 
water followed by ion-exchange filtra- 
tion. Two oil-fired water-tube boilers 
are to be used when the reactors are 
shut down with an evaporation rate 
of 10 tons/hour. 


Turbo-electric drive 

The principal items of electrical 
equipment are four turbogenerating 
sets which feed the three propulsion 
motors on a 1200 volt d.c. system. 


2. The United States’ ‘Savannah’ 


THE PASSENGER-CARGO vessel, 
NS Savannah, scheduled for comple- 
tion early in 1960 is to be powered by 
a single pressurized water reactor 
(MSR). One objective of the project 
(2) is to gain international acceptance 
of nuclear commercial ships; there- 
fore safety and reliability are the main 
design criteria. Fixed price contracts 
have been placed to assist the econo- 
mical acceptance of this concept. How- 
ever, the prices quoted, in millions of 
dollars: 


reactor and power plant 14-5 
Shielding and containment 1-5 
hull and outfit 14-5 
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are greatly in excess of current Ameri- 
can construction costs for a conven- 
tional vessel of this class. Justification 
is claimed by the inclusion of part of 
the research and development charges 
accruing on the special equipment. 


Advantages of the nuclear ship 

An investigation into cost trends 
using as model a 20,000 s.h.p., 40,000 
ton deadweight tanker on a minimum 
voyage length of 12,000 miles shows 
a close approach to parity between 
nuclear and conventional propulsion 
by 1970. The most important advan- 
tage of nuclear ships is the decrease 


Direct current allows the output of 
the constant speed generators to be 
distributed to the three shafts in ‘he 
ratio of 1:2:1 and permits a h zh 
degree of manceuvrability of the vess:|. 


Special hull design 

The exploitation of the nuclear p:o- 
pulsion plant has been assisted o»y 
developing a hull with finer lines than 
other high-powered ice breakers, v 


total displacement 16,000 ton: 


length 134 metres 
width 27:6 metres 
draft 9-2 metres 


The bow form was optimized by full 
scale tests for maximum ease of ice 
penetration and can be seen in figure |. 

Particular features of ship design 
include a _ heeling and_ trimming 
arrangement for use in case of stand- 
ing in an icefield. This system is 
powered by an unspecified number of 
reversible-propeller, electrically-driven 
pumps each with a capacity of 4000 
tons /h. Special steel was developed 
for use on the hull skin. Compared 
with normal ship plate, better welding 
properties, higher resilience and _ in- 
creased resistance to crack spreading 
at low temperatures is claimed. The 
outer skin is 36 mm thick in way of 
the middle body, 52 mm thick at the 
bow and 44 mm thick around the 
stern. Stability also warrants mention 
as the transverse metacentric height 
of 1:9 metre at full displacement is 
low compared with other large ice 
breakers. Hull subdivision is effected 
by eleven main transverse watertight 
bulkheads, lengths and distributions 
conforming to the 1948 International 
Convention, It is claimed that the ves- 
sel will not sink with any two such 
compartments flooded and with a trim 
of about six feet. 


in overall weight of machinery an: 
fuel. The relevant weights of the 
Savannah are: 


reactor system 600 tons 
containment and shielding 1900 tons 
propulsion machinery 1150 tons 


A second advantage is the increased 
economic speed and _ independence 
from foreign bunkering facilities. De- 
tails of insurance coverage must await 
operational experience but crew costs 
should be similar to those of a con- 
ventionally powered ship. 

The principal characteristics of the 
Savannah are: 
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Lenei overall 595-5 feet 
Bear noulded 78-0 feet 
Design draft 29-5 feet 
Tot splacement 21,840 tons 
Cargo deadweight (approx) 9400 tons 
Nun of passengers 60-100 
Number of crew 130 

Nor s.A.p. 20,000 
Maximum = s.h.p. 22,000 
Sustained sea speed at 

normal power 20-25 knots 
Cruising time at normal 

powe 730 days 


The ship will be built to conform 
with the regulations of all US Govern- 
ment departments and the American 
Bureau of Shipping. Subdivision is pro- 
vided by six watertight bulkheads. Any 
two of the seven compartments so 
formed may be flooded without the 
vessel sinking. The  fore-and-aft 
length of the engine room and reactor 
compartment is 115 feet—compared 
to about 70 feet in a similar conven- 
tional ship—but the comparison is 
not unfavourable on a_ volumetric 
basis owing to the wing storage capa- 
city in way of the reactor compart- 
ment. Good stability and trim condi- 
tions are claimed with the midship 
location of the reactor and the meta- 
centric height will not vary during 
navigation due to fuel consumption. 
The fore and aft centreline location 
of the containment vessel also im- 
proves stability. Collision mats con- 
sisting of laminated one-inch steel 
plates and three-inch redwood planks 
fitted to each side of the containment 
vessel also serve as secondary shield- 
ing. The reactor and auxiliaries are 
anchored by the structure to prevent 
movement even though the ship cap- 
sizes. 

The reactor specification reads: 
Max heat generation 74 MW 
Normal heat generation 63 MW 
Reactor pressure 1750 psi 
Primary water flow 8 million lb/h 


Primary water mean 
temperature 508°F 
Temperature rise 

through reactor 22°5°F 


Average heat flux 
Design core life 
Average thermal neu- 
tron flux 8 X 1012 
Enrichment 3-6-4 pc 


57,100 Btu/h/ft? 
52,200 MWd 


The primary water is circulated by 
two pairs of canned rotor pumps ar- 
ranged in parallel, taking suction from 
two shell and U-tube heat exchangers. 
A total of 243,500 Ib/h of steam at 
475 psia and 462°F can be generated. 
Either of the two heat exchanger 
loops can be isolated and each heat 
exchanger is capable of supplying 75 
pe full power steam requirement. 


Oxide fuel elements 
The reactor vessel is illustrated in 


fig 2. Carbon steel is used, clad inter- 
nally with Type 304 stainless steel. 
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The vessel is 26-5 ft high, 98 in. inter- 
nal diameter with a 90 in. diameter 
opening after the head is removed. 
Primary water enters the reactor 
through two nozzles in the base, 
passes upward through the annuli be- 
tween the thermal shields, then down- 
ward through the outer fuel elements, 
finally upwards again through the core 
centre to be divided and leaves via the 
two top non-radial nozzles. The cylin- 
drical core 61 in. dia and 66 in. high 
comprises 32 rectangular fuel elements 
each 8-9 in. square. Each element con- 





The ‘Savannah’ is powered by a 
single pressurized-water reactor de- 
livering 74 MWt. Details are: 


1, Pressure vessel; 2. Core; 3. Support 
ring; 4. Control rod drives; 5. Hydraulic 
scram cylinder; 6. Drive line lead screw 
section; 7. Buffer seal enclosure; 8. Boron 
steel control rods; 9. Inlet nozzle; 10. 
Thermal shield; 11. Fuel elements; 12. 
Flow baffle; 13. Outlet nozzle (Fig 2) 


tains 196 sintered uranium oxide pel- 
lets clad in stainless steel jackets } in. 
long and 36 mils thick. Current criti- 
cal experiments will determine the pre- 
cise enrichment. 

To obtain the required 600-day core 
life, the large size and low power 
density is the outstanding feature of 
core design. 4 pce enrichment corres- 
ponds to an initial U-235 inventory of 
330 kg and the cold, clean core excess 
reactivity is of the order of 15:5 pc 
A k .¢,. Thermal design was based on: 
a. no bulk boiling during steady state 
operation 
b. local surface heat flux of fuel clad- 


ding not to exceed design burn-out 
under steady state or transient condi- 
tion 

c. local internal temperature of the 
oxide not to cause melting under any 
condition. 


Three-year refuelling 


A marine core lifetime should be 
some multiple of the period between 
regular overhauls. The MSR core is 
designed for refuelling at approx- 
mately 3-yearly intervals and to 
achieve this a soluble poison such as 
boric acid may be used for additional 
control during shut down. Twenty-one 
cruciform-section boron steel control 
rods are top mounted with electro- 
mechanical drives. Hydraulic cylinders 
actuate the scram rods. The negative 
temperature coefficient will suffice to 
control the reactor power due to slight 
variation in steam demand. For man- 
cCeuvring power control there is an 
automatic drive to 4 rods governed by 
the temperature differential across the 
primary side of the steam generators. 
Estimated power response is: 

20 pc to 80 pc power—20 to 40 secs. 

80 pc to 20 pc power—3 sec (min.) 

Electrical heaters and spray coolers 
control the steam pocket in the primary 
system pressurizer. This system also in- 
cludes a purification system to remove 
corrosion products and fission pro- 
ducts. Twenty-five US gallons per min- 
ute of primary water is bled from the 
system to a flash tank where the gase- 
ous fission products are collected. The 
water is then passed to a let-down 
cooler where the temperature is re- 
duced to 120°F before transfer to one 
of the three demineralizers. Purified 
water is returned via the buffer seal 
water surge tank and seal pumps to 
the primary system. A direct charging 
line with a maximum capacity of 60 
US gpm is used for purification after 
shut down. All excess heat from the 
main coolant pumps, reactor thermal 
shield, let-down cooler etc during 
operation is rejected to a sea-water- 
cooled heat exchanger. A minimum 
hydrogen concentration of 20 cc per 
litre of primary water is maintained 
to inhibit corrosion by scavenging any 
free oxygen liberated by irradiation. 


No access while critical 


Total containment in the event of 
an instantaneous rupture of the prim- 
ary circuit is provided by the mild 
steel containment vessel 24 in. thick, 
50:5 ft long and 35 ft diameter. The 
vessel is completely sealed and de- 
signed to withstand a maximum inter- 
nal pressure of 186 psi. Air condition- 
ing prevents the internal temperature 
exceeding 120°F. No access is allowed 
while the reactor is critical but limited 
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a r . : Poke Renee sibility times was a prerequisite to 
¢ ¢ LA See Raten SS design and, as the weight of shield ng - 
- . could be about 10 pc of the total < is- 
containment , : 
: placement, allowable doses and access 
Na times affect the entire ship desi:n, 
7 reel SS Selected conditions for the Savannah 
' \ / ' bec vertical are summarized below. 
e /\ polyethelene ~stiffeners Marine shielding is optimized {or i’ 
e shield . aS : = 
~cargo both cost and weight but the basic if 
eS hatch—j endeavour to shield as close to the Jt 
ea source as possible must be tempered i. 
k by the provision of both adequate 
, maintenance space and a structure to 
SS p “ resist ship motion and endure col|i 
| ® oo ange sion damage. In the Savannah these pur 
Sows . considerations resulted in a primary 
snips ‘ shield around the pressure vessel of 
provisions \ stopper 33 in. of water and 3 in. of lead which 
| redwood and “tg <1 tected pe ese reduces the core full power dose-rate 
lsteet collision mat ~~ » foun lation foundation to that emanating from the primary 
|reinforced concrete \ | > am oe of ve — 
containment longitudinal stitution of the radiation outside the 
foundation Pe’ primary shield is, 
fr I — : 
esh_water shielding tank 10 pe neutrons from core (attenu- 
; ated so that subsequent gamma pro- 
No effort has been spared to make the ‘ Savannah" as safe as can be devised. The wat a cotta 
. ; duction is negligible) 
reactor and entire primary system are enclosed in a 35 ft dia. containment 
shell capable of holding a complete rupture. It is believed however that the 10 pc gammas from core 
ship’s hull could serve this function in future ships. (Fig 3) 80 pe gammas from primary circuit. « 


access for maintenance is permissible 
shortly after shut down. Adoption of 
this unit containment is a most sig- 
nificant feature of the ship design in 
contributing to the requirement to 
demonstrate safe operation. Recent de- 
sign studies indicate an assurance that 
the ship structure alone can provide 
adequate containment protection. The 
extra cost of a separate containment 
vessel could become a significant fac- 
tor in the development of truly econo- 
mic nuclear ships. 


Geared turbines 

The main propulsion system is 
powered by a cross-compound geared 
turbine, operating on steam supplied 
at 475 psia and 462°F and condensed 
at 28-5 in. Hg, driving a single pro- 
peller. A moisture separator is used 
at the crossover and three-stage bled- 
steam feed heating is employed. The 
main feed pumps are turbine driven 
and all other auxiliaries are motor- 
ized. Normal electrical load is sup- 
plied by two 1500 kW turbogenerators 
and if either of these two fail in opera- 
tion, two 750 kW diesel generators 
are automatically started. These die- 
sels are adequate to power an 850 
h.p. ‘take-home’ motor which is geared 
into the main reduction train. They 


water evaporators supply makeup 
feed and domestic water. Heating 
steam used during reactor shut down 
is generated by two 5500 1b/h oil-fired 
boilers and steam for emergency heat 
and fire protection can be supplied 
by a 4500 Ilb/h packaged boiler. 


SAFETY ASPECTS 

The paramount consideration in a 
marine nuclear power plant is safety, 
the second is weight of the installa- 
tion, and the third is the effect of the 
ship’s motion on its operation. The 
NS Savannah is a useful study of these 
problems (3) since, as a passenger- 
cargo vessel, she incorporates all the 
design problems likely to be associ- 
ated with all other types of vessel—in 
terms of proximity to the general pub- 
lic, Operating requirements, types of 
cargo and general machinery. 
Radiation levels 

Assessment of permissible passenger 
and crew radiation levels and acces- 


OPERATING 


LOCATION CONDITIONS 


The primary shield also reduces radia- 
tion to 200 mr, 30 minutes after shut 
down. 


Conservative design 

The secondary shield is mainly de- 
signed to mop up the 61 MeV 
gammas from the O!%(n,p)N?° reaction 
in the primary circuit, As fitted, the 
secondary shield will consist of 64 in. 
of lead plus 6} in. of polythene cover- 
ing the upper surface of the contain- 
ment vessel. Reinforced concrete walls 
4 ft thick skirt the bottom of the con- 
tainment vessel and water in the 5 ft 
deep double bottom tanks serve as 
bottom shielding. The shield con- 
figuration can be seen in fig 3. A 
warning is given that until build-up 
factors for gamma energies above 1-25 
MeV are reliably confirmed, conser- 
vative secondary shield designs must 
be used. It is intended to allow for 
relocation of part of the shield, if 
found necessary after a detailed scan- 
ning with the reactor at power. 

DESiGN DOS! 
ACCESSIBILITY RATE 





Passenger areas 

Crew spaces 

Crew working spaces 
(outside secondary 


shield) 


normal power 
normal power 
normal power 


unlimited 
no access to passengers 
no access to passengers 


10 mr/ week 
500 mr/ year 
100 mr / week 





i | 


Inside containment reactor operating none 


also provide for reactor cooling and 


Inside containment 4 hour minimum limited 200 mr/hour 
other ship’s load when the reactor is after shut down 
shut down. One additional emergency Reactor areas during 10 days minimum limited controlled 
350 kW diesel generator is installed at refuelling after shut down a 
upper deck level. Main steam is used Cargo holds 0-1 maximum unlimited 10 mr / week 
power 
by a low pressure steam generator to Adjacent to demin- Several hours after limited 50 mr/hour 


evaporate 7500 Ib/h for hotel ser- 
vices. Two 16,000 US gal/day salt 


eralizers for discon- shut down 


necting 
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The France-Atome boiling- 
water reactor uses an in- 
genious fuel element with 
a built-in cyclone steam 
separator. Details are: 
id 1 A. inlet thimble with flow re- 
\ | gulating ports; B. lower core 
plate; C. square zircaloy cas- 
} in D. retaining spring; €: 
rs guide blading; separator 
B cyclone; G. cap to reduce water 
entrainment, (Fig 5) 


anne ere 
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IN 1956 two French industrial groups 
were invited to compare three reactor 
systems in the context of a 40,000 ton 
tanker with a maximum of 20,000 
s.h.p. or an economic 18,000 s.h.p., on 
a single propeller shaft. 


PRESSURIZED-WATER SYSTEM 
This study was carried out by Chan- 
tiers de lAtlantique—part of the 
France-Atome group. In this ship, 
the propulsion machinery is located 
aft, with an adjacent reactor com- 
partment and an_ isolated control 
centre above the engine room. A unit 
containment vessel 5 cm thick, 9 m 
diameter and 15°5 m long is used for 
the prototype, designed to withstand 
an internal pressure of 27 kg/cm’. 
This containment envelopes the pri- 
mary circuit, shown diagrammatically 
in fig 4. 

Austenitic stainless steel lines the 
pressure vessel. Designed for a work- 
ing pressure of 2000 psi, its inter- 
nal dimensions are 2300 mm dia and 
4935 mm height with a wall thickness 
of 150 mm. The core consists of 272 
cells each containing 25 hollow rods 
of zircaloy or stainless steel 10 mm 
dia, 1'5 metres long containing 1°5 pc- 
enriched uranium oxide. Dual-pass 
flow was selected to effect savings of 
40 tons weight and 250 million francs 
cost over the alternative single pass 
core. The 21 control rods consist of 
hollow cruciform stainless steel cans, 
filled with sintered boron carbide. 
Drives are top mounted and each rod 
acts as both shim and safety. 

Primary shielding is effected by iron 
and water laminae concentric with the 
pressure vessel, and concrete blocks 
round the vessel head. Secondary 
shielding—mainly to attenuate core 
and primary system gammas—is 


4. 2 “2% 
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Circuit of the French PWR proposal shows : 
1. Heat exchangers; 2. Main pumps; 3. Reactor; 

5. Coolers; 6. 4 mic, filters; 7. 20 
mic, filters; 8. Resins; 9. Pressurizing control; 10. 
Cold water; 11. Make-up; 12. Demin, water; 13. 
Demin. tank; 14. Drain; 15. Dump coolers; 16. 
Pumps; 17 Pressurizing level; 18. Corblin pumps; 
19. Pump; 20. B.S.D.; 21. Boiler; 22, Catalysis pots; 
23. Corblin compressor; 24, Superheater; 25. Oxygen 
tank; 26. Deck; 27. Filling; 28 Emergency spray: 

29. Auxiliary exchangers. (Fig +) 


3 »s three French 


design studies 


afforded by the oil in the cargo tanks 
and water in the cofferdam which, 
together, surround the containment 
vessel. 

The main heat exchangers produce 
116 tons per hour of steam at 600 psi 
and the compound turbines drive the 
shaft through a reduction gear. Two 
160 kW turbogenerators supply the 
complete ship and machinery electri- 
cal requirements. 

The control compartment houses 
the three consoles for the remote 
operation of the reactor, propulsion 
plant and primary circuit equipment 
respectively. This station is fully in- 
strumented for all measurements of 
power, temperature, pressure and 
radiation. 


BOILING WATER REACTOR 
This study was carried out by 
another company in the France- 
Atome group—Société des Forges et 
Ateliers du Creusot. Primary steam 
from the reactor is divided at the out- 
let into two symmetrical loops and 
circulated through a secondary steam 
generator and a feed-heater before re- 
turning to the base of the reactor. 
There are no valves on this circuit. 
The complete primary circuit, includ- 
ing demineralizers and gas recombina- 
tion equipment, is enclosed in a unit 
containment vessel capable of resist- 
ing an internal pressure of 136 psi. 
The main features of the plant are: 


Normal power output 
Turbine steam 


18.000 s.h.p. 
650 psia (sat.) 


Reactor output S1'2 MW 
Absolute pressure in re- 

actor 800 psia 
Primary steam produc- 

tion 7-71 tons / hour 


Primary circulation 2400 tons / hour 
Circulating pump pres- 


sure differential 17 psi 
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The Indatom enriched gas-cooled reactor containment projects somewhat above 
the main deck. Details : 
1, Reactor; 2. Heat exchanger (4 off); 3. Fuelling machine; 4. Biological shield; 5. Saturated 


steam; 6. Superheater; 7. Containment vessel; 


8. Steam outlet to turbines. Not seen in this 


elevation are the gas blowers and the access ports. (Fig 6) 


Core 
height 1°758 m 
equivalent radius 0°847 m 
Volume ratio—water/ 
fuel 2-9] 
Mean power rating 16°2 W/cm? 
Mean thickness of re- 
flector 15 cm 


A total core loading of 7988 kg of 
1:5 pe-enriched uranium dioxide is 
used in the form of pellets 11-8 mm 
dia. These are loaded into zircaloy 
tubes 22 cm long and 1 mm in wall 
thickness. Eight bundles of the rods 
so formed are stacked vertically inside 
a square section cell with 4 mm-thick 
zircaloy walls and 88 of these cells 
form the complete core (fig. 5). 

A unique feature of this French 
fuel element is the built-in cyclone 
separator, the efficiency of which is 
significant both to the thermodynamic 
cycle and also to the reduction of 
contamination in the secondary circuit 
in the event of a fuel leakage. It is 
claimed that this latter factor with 
dry steam, can be reduced to about 
1/1000 of that to be expected from 
an equivalent § pressurized water 
reactor. 

Control rods are similar to those 
proposed for the pressurized water 
reactor and only used for power vari- 
ations exceeding 20 to 30 pc, for 
poison compensation, and depletion of 
fuel. During manceuvring, the reactor 
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is set for a constant 25 pc power 
output and steam surplus to the tur- 
bine requirement is by-passed to an 
auxiliary condenser. Under normal 
power conditions at sea, small adjust- 
ments in reactor output are controlled 
by the speed of the main circulating 
pumps—driven from a rotary conver- 
ter with a magnetic slip clutch—thus 
ensuring constant moderator density. 


Ship dynamics studied 

Particular attention was given in 
this study to the effect of the ship’s 
motion on the moderator density, and 
hence reactor stability. Detailed cal- 
culations are provided in the paper 
on such aspects as vertical accelera- 
tion of the reactor and the list of the 
ship and a dynamic compensating 
device is described for fitting in the 
primary circuit. 

The main biological shield is 
formed by seating the pressure vessel 
in a water tank containing 8 concen- 
tric cast iron shells. Shut-down re- 
sidual heat can be dissipated in this 
tank which is subdivided and pro- 
vided with external circulation for this 
purpose. 


GAS-COOLED REACTOR 
The third French study is of a 
60 MW CO.-cooled graphite-modera- 
ted plant by the Indatom group. The 
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gas is circulated at 40 kg/cm? pres- 
sure with a top temperature of 500 C. 
The core is a right vertical cylin ‘er 
3-5 m dia. constructed of hexagor al- 
section graphite blocks each bored to 
form vertical channels 8:5 cm cia, 
Of the channels, 223 accommod. te 
two fuel elements 8 cm dia., 175 «m 
long; seven channels are used ‘or 
safety rods; and 24 control rods ‘re 
located in additional channels in the 
core centre. The fuel elements con- 
prise 19 stainless steel tubes 8 nm 
dia. and 2 mm thick containing s.n- 
tered uranium dioxide pellets. A toial 
of 6500 kg of UO, enriched to !°8 
pe is used and it is planned to renew 
either 4 or } of the elements annually. 
Each tube bundle is encased in 
graphite jacket 0-7 cm thick. The core 
is completely surrounded by a gra- 
phite reflector 43 cm thick. A 5 cm 
thick steel thermal shield encases the 
reflector and this in turn is wrapped 
in a steel sleeve 2 cm thick to form 
an assembly weighing 102 tons. The 
pressure vessel, 5-1 m diameter and 
9-9 m high, is fabricated from 10:3 
cm steel plate. 

Biological shielding is provided by 
ordinary concrete 2 metres thick sur- 
rounding the pressure vessel with a 5 
cm annular clearance through which 
cooling air is circulated to restrict the 
concrete temperature to 60°C. 
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Unit containment 

A general arrangement of the re- 
actor and primary circuit is shown in 
fig. 6. Unit containment is employed 
by enclosing the primary circuit in a 
steel shell 12 m dia. by 18 m long to 
withstand 70 psi. The overall height 
to the top of the charge machine 
cover is 18 m which necessitates the 
dome emerging 3-9 m above the bridge 
deck. 

There are four identical loops in 
the primary circuit, any of which can 
be isolated. Each loop serves a super- 
heater and  economizer/evaporator 
with a maximum gas circulation of 
50 tons/hour, provided by a turbo- 
blower. 

This particular study is regarded by 
Indatom only as a stage in the devel- 
opment of the gas-cooled reactor to 
its logical destiny as a high-tempera- 
ture plant suitable for using with a 
gas-turbine. They believe however 
that reactors of the type described 
could also have land applications. 
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(To be continued) 
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by G. T. SHEARS, M.LE.E. 
Deputy Commercial Manager, UKAEA 


Making nuclear power pay 


—current ideas on economics 


IT IS FAIR TO SAY that all papers 
presented at the Conference dealing 
with the employment of nuclear 
energy for useful power are economic 
in character because the economic 
consequences are generally the only 
yardstick by which a proposed or actual 
line of action can be assessed. For 
practical reasons and in an effort to 
be concise this review considers those 
papers which by title have direct re- 
ference to nuclear economics. Accord- 
ingly seventeen papers are examined 
but the field is still fairly wide and 
one must adapt an approach which 
endeavours to be categorical. 


Estimation of costs 

The broad picture of nuclear power 
was covered by Jukes (72) who points 
out that an economic assessment is 
for the purpose of guiding investment 
and future decisions on research and 
development expenditure. He makes 
particularly valid reference to the fact 
that forward estimates are made in 
the light of expected results and ulti- 
mate factual costs can only be known 
historically. He also indicates that esti- 
mated costs often apply to closely 
specified conditions, interest rates, etc, 
and variations in these parameters 
make comparison in absolute terms 
extremely difficult. He emphasizes the 
necessity of concentrating research and 
development onto feasible future re- 
actor systems and bringing these up 
to a high level, rather than spreading 
the equivalent effort over a wide and 
and therefore less concentrated field. 
Since nuclear research work is very 
expensive there is need for it to be 
undertaken nationally. 

The favourable position of UK for 
the exploitation of nuclear power is 
substantiated because of low capital 
charges and the existence of the 
world’s largest integrated power net- 
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work. Japan and Western European 
countries have industrial backgrounds 
similar to Britain and can be expected 
to utilize atomic energy for base load 
electricity production in the near 
future. A note of caution is introduced 
on capital costs, especially on the pros- 
pects of new reactor systems which 
initially may suggest favourable capi- 
tal expenditure but increase in com- 
plexity and price as development pro- 
ceeds. The question of attaining de- 
signed output was left rather open but 
currently the Calder reactors are oper- 
ating at 10 pe above the planned out- 
put. 

Little extra experience has been 
accumulated on operation in the last 
year but Jukes seems concerned about 
the difficulty of providing staff of cali- 
bre for the new UK plants. This prob- 
lem may be resolved by the electricity 
authorities who have considerable ex- 
perience in the operation of large en- 
gineering projects and should not be 
unduly worried by the substitution of 
a reactor in place of a furnace. 

On fuel costs he omitted the ques- 
tion of credit for irradiated material 
since it is covered elsewhere (paper 
54) but makes important reference to 
the falling price of natural uranium. 
American figures given suggest a 
price reduction of 20 pc as against 
estimates made three years ago. This 
may not affect the fuel price initially 
for stations due to be commissioned in 
the early 1960’s in the UK _ because 
the uranium has been obtained by 
contract. The author does not state 
the effect on plants exported from the 
UK but this might be different since 
the operators will naturally expect to 
obtain fuel at the uranium price cur- 
rent at or near commissioning time 
which is necessarily some four years 
after signing the construction contract. 

The implications of sustained burnup 


of the fuel are reiterated and a sum- 
mary of current thinking reveals that 
capital costs have increased and that 
the repurchase price for irradiated fuel 
is reduced. Generally the economic 
picture is a little less favourable but 
this is probably due to realistic assess- 
ment and more detailed information ; 
the situation is not discouraging. 

Cunningham’s paper on current re- 
designs of Calder Hall (72) makes no 
claim to be an economic document 
but the analytical treatment of the 
progressive engineering steps towards 
improved performance and possible re- 
duction of capital charges are of ex- 
treme interest. He describes the or- 
ganization set up in the UK to imple- 
ment the large nuclear power pro- 
gramme and gives details of pressure 
vessel design parameters. The appen- 
dix of this paper is useful to the poten- 
tial PIPPA reactor user because the 
leakage and control of CO, is given 
from first hand operating and design 
experience. 


Enrichment in the UK 

The relative merits of enrichment 
are contentious and always capable of 
interpretation for special circum- 
stances. Paper 54 examines these prob- 
lems in a factual manner so far as 
UK is concerned. Firstly it is estab- 
lished that natural uranium reactors 
are about equal in electricity produc- 
tion cost with conventional plant in 
Britain and quotes conservative figures 
thus: 


d/kWh(s.o.) 
capital 0-42 
works 0-06 
fuel replacement 0-18 


total cost 0:66 


It is considered that slightly en- 
riched fuel can be manufactured with- 
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out increased factory costs but high 
concentrations of U-235 will result in 
higher fabrication charges. If pluto- 
nium enrichment is accepted the cost of 
the resulting fuel will include the charges 
incurred by the extra health precau- 
tions and by complicated remote hand- 


are grounds to equate the possible ex- 
tension of fuel life against loss of neu- 
trons by introducing rigidity which 
absorbs neutrons. If the metallurgical 
life of fuel is adequate then a case can 
be made for a degree of enrichment 
to increase the irradiation lifetime of 


tions, be used in fast fission reactors 
but the use of these devices needs cun- 
siderable experience and engineering 
foresight. Therefore it is likely tyat 
economics will dictate the use of ac-u- 
mulated plutonium in reactors cuir- 
rently in operation. This might 








be 
ling machinery. Since the plutonium _ the fuel. done by introducing * spiked ’ elements 
Table 1 
nuclear plant coal-fired plant 
: / low fuel cost site high fue 
completion date completion date cost sit 
1960/61 1962 - - - 
stationnol  stationno3 = station no 2 
ultimate station capacity 275-300 MWso 500 MWso 1000 MWi 1150 MWi 1000 MW 
generating set size — a 200 MWi 550 MWi 200 MW i 
600 MWi 
type of cooling direct direct tower tower direct 
year of commissioning first unit of station 1960 1962 1959 1963 1960 
capital cost, excluding initial fuel, £/kWso 145 120 55 45 45 
life of station 20 years 20 years plant 25 years 
buildings 40 years 
load factor, percent 75 75 75 75 75 
interest rate, percent 5 6 5 6 5 6 5 6 5 6 
overall charge on capital, percent 8-0 8-7 8-0 8-7 6:7 75 6:7 7°5 6°/ 7:5 
capital charges, including charges on 
initial fuel, d/kWhso 0-51-0°52 0-55-0°56 0:41-0-42 0:45-0-46 0:14 O15 O-1] O12 OF1) 0°12 
fuel replacement costs, d/kWhso 0-13-0-19 0-13-0-19 0-13-0-19 0-13-0-19 0-37 0-37 0-37 0-37 0-48 0-48 
works operating cost d/kWhso 0-06 0-06 0-05 0-05 0:05 0-05 0-05 005 0-05 0-05 
total generating costs, d/kWhso 0:70-0:77 0:74-0°81 0°59-0-66 += 0°63-0:70 0:56 «057 053054 064 0°65 
Key: kWhso=kilowatt hours sent out MWso= megawatts sent out MW i= megawatt input 


will be produced by natural uranium 
reactors the repurchase price paid for 
irradiated fuel must relate to the pos- 
sible utilization of the plutonium con- 
tent; if this is difficult or expensive 
to utilize the repurchase value will be 
influenced accordingly. As irradiated 
fuel will be repurchased contractually 
over a period the value of the material 
must be assessed in broad terms 
assuming general utilization and not 
the use of specific consignments of 
known isotopic properties. The effec- 
tiveness of plutonium fuel will like- 
wise influence its value and any extra 
costs in the form of special apparatus 
or controls must be discounted. Pro- 
cessing costs within the UK are given 
as £3500 per tonne of irradiated ura- 
nium containing 2-10kg of plutonium, 
the separated products being decon- 
taminated uranium nitrate and pluto- 
nium as metal or oxide. By compari- 
son with the anticipated performance 
of a European diffusion plant produc- 
ing U-235, the corrected value of plu- 
tonium separated from uranium irra- 
diated to 3000 MWd/te is £5000/kg. 

Franklin summarizes the use of en- 
richment as either increased values re- 
sulting from reactor operation or re- 
duction of the gross operating costs. 
He discusses the effects of enrichment 
on the flattened radius of the core and 
also isotope production, In short, the 
gainful use of the uncommitted neu- 
trons is the objective. As metallurgical 
failure of the fuel containment is ex- 
pected to precede loss of reactivity as 
a reason for discharging fuel, there 
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From the capital cost aspect the use 
of enriched fuel may be attractive 
since higher gas exit temperatures can 
be achieved by using beryllium or 
stainless steel cladding and extending 
the heat transfer surface of the element 
by changing the volume to surface 
area ratio. Under these conditions gas 
exit temperatures of 500°C and fuel 
ratings of 5 MW /te are expected. 
For unit sizes of 400 MWe the capi- 
tal cost is expected to be around £80 
kW installed. No reactors of this type 
are yet operating but there is confi- 
dence in this line of development 
which by reduction of dimensions 
should effectively reduce capital costs. 

Plutonium derived from present day 
reactors should, for nuclear considera- 


a 

1S) 

= 

Estimated comparative 4 
costs of nuclear and coal- ~ 
fired base load plant in ~ 
1963-5 shows strikingly = 
the effect of load factor ™ 
on nuclear economics c 
(Fig 1) a 


a 
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into existing cores but the associated 
problems cannot be dismissed lightly. 
If high burnup of the spikes is 
achieved reprocessing could be avoided 
but fabrication techniques will be ex- 
pensive and the presence of plutonium 
may increase factory costs by 25 pc to 
50 pc. 

The use of uranium 233 bred from 
thorium is unlikely to be associated 
with the advanced gas cooled reactor 
but its application in special reactors 
later is not excluded. The future eco- 
nomic use of plutonium fuel depends 
upon increased research and experi- 
ence and to a lesser extent the same is 
true of U-235. This does not reduce 
the necessity for making the economic 
survey based on existing knowledge 


a A cn 
4U IY OU 


load factor 





NUCLEAR POWER November 1958 








—- =r cr oc” 


o-=3 S&S |, 


ed 








which is presented in the paper. 


The UK nuclear programme is the 
basis of paper 1446 which states that 
between 5000 and 6000 MW are to 
be installed by 1966. Reactor sizes 


have been increased and the fourth 


b. He repeats the plea for high 
load factor 

c. In his opinion the cost ratio 
nuclear to conventional, at pre- 
sent in favour of the latter is 
unlikely to change even though 





Table Il 

relative capital fuel costs 

need per saleable relative 

kW of the load figures 
water power (transmission costs included ) approx 2:5-3 approx 0 
nuclear power (1965) oy 15 . ] 
modern condensing thermal power 0-75 oe oe 
0:5 o 


gas turbines 


station being constructed in the UK 
will have an output of 500 MWe from 
two reactors, Duckworth and Jones 
give the financial definitions and make 
a useful comparison between estimated 
contemporary coal-fired plant and 
nuclear stations. Using 75 pc load fac- 
tor and coal costs of 73s. to 93s. per 
ton table I shows the respective cost. 
Since a nuclear plant may be sited at 
a place away from cheap coal it is 
reasonable to compare the 1962 
nuclear figures with the high fuel cost 
conventional plant and the result is 
not disappointing. 


Pumped storage schemes 

The authors discuss the integration 
of pumped storage schemes and 
nuclear stations and their justification 
is briefly as follows. Nuclear fuel per 
unit sent out is 0°13 to 0-19 pence and 
the pumped storage scheme can return 
units to the system at about 0:2 to 
0:3 pence at a time when high cost 
fuel plant would be on load to meet 
the system peak load. The exact cost 
of pumped storage installations is dif- 
ficult to predict particularly when 
some hydroelectricity is available 
from natural water but £50/kW seems 
to be the magnitude. The pros and 
cons of pumped storage cannot be 
considered without reference to the 
electrical system requirements, geo- 
graphy and transmission distances and 
these things are not strictly related to 
nuclear matters. 

The necessity of supplementing 
nuclear generation with pumped stor- 
age is the heading of a paragraph in 
another British paper (1445) which 
establishes a case for using this 
method of energy storage with nuclear 
generation. The economic aspects are 
discussed in detail and the benefit to 
normal electricity generation is made 
clear. The author makes several down- 
to-earth statements and an apprecia- 
tion of these points is well worth- 
while: 

a. The electricity supply industry is 
the greatest potential user of 
nuclear energy only if it lowers 
the cost of generation 
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the respective costs may move 

d. The size of an electrical system 
to which nuclear plant may be 
coupled economically is reduced 
by the adoption of an energy 
storage scheme 

e. Sites for water storage are not as 

difficult to find as has been 
thought, providing there is the 
incentive to search for them. 

Daily load curves for the UK, 
France and Switzerland are included 
in paper 1448 and illustrate that the 
problem of obtaining high load fac 
tor is not confined to Great Britain. 
The effect of load factor on nuclear 
generation economics is seen arama- 
tically in figure 1. The point where 
nuclear power from the reactors under 
construction now breaks even with 
coal fired stations is around 60 pc 
load factor. The paper makes a strong 
attempt to justify the nuclear/ pumped 
storage scheme on the grounds of 
overall reduction in cost by increased 
load factor. 

Nuclear power in association with 
thermal power in a_ predominantly 
hydro system is dealt with in paper 
134. This is interesting because it is 
domestic to Sweden and certain con- 
ditions and geographic dictates are 
confined to that country. The authors 
use a simple and effective capital and 
fuel cost index which permits easy 
translation into any currency (table II). 

Countries with hydro resources have 
first exploited the schemes of lower 
capital cost but with increasing energy 
demands the more expensive hydro 
potential has to be utilized. Clearly it 
is advantageous to operate hydro plant 
at a high load factor and this means 
supplying peak load and load at times 
of low water from alternative plant. 
Nuclear generation, providing it is 
reasonably flexible in operation, may 
fill this gap. The usual requirement of 
high load factor for the nuclear plant 
is mitigated to some extent by the 
high price of imported fossil fuel for 
the stations that would otherwise com- 
pete. 


The energy situation in Canada is 
reviewed in 207 province by province 
and some interesting facts emerge. The 
abundant natural resources of the 
Dominion are distributed over vast 
areas and the cost of transmission of 
energy to the utilization centres affects 
the economics adversely. 


Outlook in Canada 

The use of nuclear power is not 
contemplated for a few years yet or 
until the cost per kWh is about 5 
mils. Canada produces some 13,000 
tonnes of uranium oxide annually and 
has no enrichment facilities, Therefore 
the choice of natural uranium is un- 
derstandable and the authors suggest 
that heavy water moderated reactors 
are best suited to their requirements. 
Canada has extensive pioneer experi- 
ence in reactor technology and is a 
country rich in fossil fuel and hydro- 
power. For these reasons one can as- 
sume that their nuclear power pro- 
gramme will be a well considered and 
caretully engineered scheme arranged 
to key into the economic time scale 
of national development. Capital cost 
and reactor sizes pose a problem be- 
cause a small power unit would find 
application today in the remote terri- 
tories where fossil fuel transport is 
practically impossible. The other un- 
developed resources of North America 
will continue to attract capital invest- 
ment which may well yield good re- 
turns to the investor so that nuclear 
installations will need to be revenue 
earning rather than experimental be- 
fore a big programme is started. 

The long term trends in conven- 
tional and nuclear power costs in 
Canada are explored in paper 206 
which it is well to read in association 
with 207. There are considerable cost 
data and comparisons with US ex- 
perience. One gathers that in certain 
areas fossil fuels may remain econo- 
mic long after nuclear power is com- 
petitive elsewhere. A graph summariz- 
ing Canadian thinking in cost and 
time (figure 2) suggests a conservative 
approach to nuclear energy. How- 
ever, the domestic circumstances must 
be appreciated as there are vast re- 
serves of energy as yet untapped and 
the problem is quite different from 
that facing the over-populated coun- 
tries of Europe and Asia. 

From the United States, paper 2163 
considers in great statistical detail the 
possible utilization of nuclear energy 
in that country. A graph of estimated 
generating cost plotted against time 
indicates that 5 mils/kWh may be 
achieved in 1975. If this progression is 
accepted it means that less than 1 pc of 
American home power requirements 
will be from nuclear sources in 1965. 
In the period 1960-1980 nuclear power 
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Canadian thinking on nuclear power 


is summarized in this graph on 
generalized cost trends (Fig 2) 


is expected to capture some of the 
power market but steam-electric plants 
will still constitute a major component 
of the total. 


The European situation is quite dif- 


operation of the British national grid. 
The usual problems of hot standby, 
incremental fuel costs, etc, are com- 
pounded by the inclusion of nuclear 
plant in the network. 

Diffusion capital 

Paper 1078 introduces the subject 
of fuel enrichment and reactor per- 
formance by stating that there is no 
‘best’ reactor. This open-mindedness 
implies a dispassionate investigation 
into the merits of enrichment which 
are reviewed in the paper. The US 
facility for producing enriched material 
was established in the light of mili- 
tary need but it is now realized that 
the civil applications of such fuels must 
be isolated if the economics are to be 
valid. This means that the power-plu- 
tonium reactor is acceptable only if 
the fissionable product is utilized as 
fuel and can be costed in the overall 
cycle. 

From an assessment of world power 
requirements it is estimated that the 
diffusion capital to sustain a _ pro- 
gramme using 1°5 pc enriched fuel, 
and allowing half the enrichment to 
be from recycled plutonium, would 
equal about 5 pe of the nuclear power 








ferent and the value of this market plant investment in 1975 and about 2 
Table Hil 
industrial 

total energy heat percentage 

continent consumed* consumed* distribution 
North America 10613-1 2465-4 37°6 
Central America 31-0 2°5 0-0 
South America 704-7 118-0 18 
West Indies 161-7 17-9 0-3 
Europe 10453-2 3287-5 50-3 
Africa 749-9 105-5 16 
Asia 3640-2 497-1 7-6 
Oceania 599-8 54°6 0-8 
26953°6 6548-5 100-0 


* In millions of megawatt hours electricity equivalent; based on 1952 data 


for the export of US nuclear plant 
and for a testing and development 
ground is recognized by the author. 
A guide to world power requirements 
is included and bearing in mind the 
absence of data in the under-deve- 
loped countries this index is useful 
(table IIT). 

Europe and North America account 
for 90 pe of world power requirements 
and since the latter is well endowed 
with indigenous energy supplies the 
conclusion is that, say, 40 pe of the 
world’s power is produced at a cost 
which may make nuclear energy com- 
petitive within the next 10 years. 

The economic loading of power net- 
works coupling steam-electric and 
nuclear stations is explained with sup- 
porting mathematics in another US 
paper (466), interesting to those who 
are familiar with the loading and merit 


544 


pe by the year 2000. Even admitting 
some estimating error, the percentage 
diffusion effort is sufficiently low to be 
encouraging. 


The pros and cons of enrichment 
are set down and current American 
costs are quoted. The design scope 
using enriched fuel is an argument 
made under which it is claimed that 
the natural uranium reactor is restric- 
ted by compulsory neutron economy 
to a narrow range of materials. The 
reduction in core size which results 
from enrichment suggests a saving of 
capital but the supporting heat engine 
plant for a given output may not be 
reduced in size. The case for slight 
enrichment has of course been identi- 
fied in UK and will affect the phase 2 
power reactors. 


Loss of reactivity with burnup is 
less with enriched fuel but probably 
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the greatest contribution to sustair 2d 
burnup would come from the ability 
to use rugged fuel containment mai 
ials. Enrichment also allows for ‘ie 
use of oxide and other uranium cc 
pounds which have better metallu: 
cal integrity. 


s. 


=. 


? oa 


Burnup costs and_ reprocess 
charges are discussed and the qu 
tion of discarding fuel after irrad 
tion to avoid processing and handling 
is answered. Enriched fuel cannot be 
thrown away after irradiation because 
the remaining U-235 is’ valuable. 
Natural fuel, it is claimed, warrants 
reprocessing so long as the process 
charge does not exceed $30/kg with 
plutonium credit at $12/g. The exact 
effect of a change in the price of 
natural uranium is uncertain but son 
reservation is necessary. 


v 
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Use of plutonium 

Plutonium recycling and the system 
designated _plutonium-feeder-conver- 
ter is given numerical values with a 
natural uranium pile as the feeder unit. 
Above 1°5 pc equivalent U-235 en- 
richment the plutonium burning reac- 
tors will become self-sustained and the 
natural uranium feeder reactors can 
be shut down. Outside the US the 
feeder plant may be necessary to pro- 
vide the initial charge for the breeder 
reactors. This bears on problems cur- 
rently facing UK and it is well to 
read this paper in conjunction with 54 
referred to previously. 

The 236 isotope of uranium is cre- 
ated under irradiation when 235 atoms 
capture neutrons and it is prevalent 
to the extent of about one sixth of the 
235-neutron reactions. In fuel it con- 
stitutes a poison by capturing avail- 
able neutrons and in the separation 
plant it is an added active contamin- 
ant requiring long cooling. In the dif- 
fusion plant it makes a difficulty since 
the separation of 235 and 236 is 
clearly more costly than the diffusion of 
235 from 238. The methods of cal- 
culating the quantities and cost effects 
are shown in the American paper 442 
which also deals with modes of opera- 
tion and suggests that U-236 may 
have a significant effect on the cost of 
enriched fuel where there is substan- 
tial recycling. 

The economic circumstances for 
nuclear power in Poland are assessed 
in paper 1940. Here the account does 
not include a résumé of the national 
power situation but makes compari- 
son with coal fired plant burning home 
produced fuel at estimated or known 
cost, The choice of reactor system Is 
that currently being produced in the 
UK—natural uranium, graphite mod- 
erated, gas cooled units with more or 
less standard steam turbo-alternator 
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pla [he time scale is 1965-70 and 


a fairly wide range of plant load fac- 
tors fave been used in the calcula- 
tions. The possibility of future fuel 


enrictiment with plutonium from the 
initia! natural uranium piles has not 
escaped the authors, nor has the pos- 
sible application of this fuel in special 
reaciors. 

In Czechoslovakia 97 pc of the 
national energy is derived from coal 
and it has been decided to extend elec- 
tricity production without increasing 
coa! consumption for that purpose. In- 
digenous supplies of uranium § are 
available and nuclear power is there- 
fore of interest. Paper 2092 states that 
natural uranium in heavy’ water 
moderated, gas cooled reactors is the 
likely choice. An agreement with the 
USSR provides for technical assist- 
ance in development and fuel element 
design; the home engineering indus- 
try is expected to manufacture all the 
equipment. The project is a 590 MWt 
reactor supplying steam to three 50 
MW turbo-alternators. The account of 
the reactor and heat engines is of in- 
terest but the economic characteristics 
are of immediate concern, Here the 
paper points out that the reactor is 
haliway between the British gas cooled 
type and the Pwr with a pressure ves- 
sel about equal to the latter. 


Costs in Czechoslovakia 

‘fhe economic comparison’ with 
coal-fired plant assumes that nuclear 
stations will have equal life with the 
former i.e. 30 years. Amortization is 
at 6 pe per annum and covers capi- 
tal replacement and capital repairs 
during the life of the plant. The 
socialist philosophy dictates that no 
interest on capital is allowed and pre- 
sumably this qualification affects the 
coal stations similarly, The result is 
that nuclear electricity will cost 130 
pe of the cost of energy produced in 
coal plants. Plutonium credit is disre- 
garded in the initial calculations but 
plans for plutonium burning reactors 
are under way. There is optimism 
about future capital costs which, it is 
estimated, can be reduced by as much 
as 40 pe by increasing the size of the 
reactors and thereby lowering the 
quantity of heavy water per MW. 
Detail of heavy water cost and sup- 
plies would have been interesting. The 
authors comment wisely that opera- 
tional experience with the proposed 
plants must precede major decisions 
as to the future nuclear power pro- 
gramme. The capital distribution on a 
percentage basis between nuclear and 
conventional plant is seen in table IV. 

Nuclear fuel for fast power reactors 
is the subject of 2028 from the USSR. 
On the basis of there being three main 
parameters affecting the cost of energy 
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Table IV 

COAL-FIRED STATION 

distribution 

of capital 

investment 

(percent) 
coal handling 471 
boiler-house 27-5 
machine room and electrical gear 35°5 
ash removal 1-3 
cooling water supply 3°4 
other equipment 29-2 
TOTAL 100-0 
NUCLEAR STATION 

distribution 

of capital 

investment 

(percent) 
primary circuit 563 
machine room and electrical gear 14°5 
cooling water supply 9-7 
other equipment 19-5 
TOTAL 100-0 


the reasoning is set out under these 
headings: 


1. Thermal load. The fuel in ex- 
cess of the critical mass is re- 
garded as true fuel and that 
volume necessary to _ establish 
criticality is taken as a capital 
investment. This is in line with 
UK treatment of initial cores for 
thermal reactors. 

2. Burnup of fuel. The metallurgi- 
cal quality of the fuel is men- 
tioned and the fact that radio- 
active capture is less at fast 
fluxes and results in reduced loss 
of reactivity through burnup. 
Consequently the degree of burn- 
up determines the amount of 
fuel in excess of the critical mass 
that can be burned out in one 
cycle. 

3. Breeding ratio. The physical 
breeding ratio is not used in the 
calculations but another index 
termed the economic breeding 
ratio is substituted. This enables 
the value of the accumulated 
fuel to be determined in a 
simpler manner and a separate 
index is attributed to the core 
and the blanket. 


Mathematical treatment of _ this 
method follows and interest on the 
loading investment is included, as is 
interest on the fuel held-up. It is not 
clear whether or not this is interest 
on capital or a sinking fund created 
to renew the investment. 

The plutonium forming and heat 
production calculations are elaborated 
and the mobile blanket variant is 
described. The importance of neutral 
diluents in the place of uranium in 
the core as a matrix substance is 
interesting and the possibility of 


stiffening the fuel elements, even at 
the cost of some loss of breeding, is 
encouraging. 

The account is an advanced and 
knowledgeable study of fast reactor 
economics but it is hard to judge 
which data stems from experience and 
which arguments are the extrapola- 
tion of logical thinking. 


Conclusions 


Throughout the conference there 
was a refreshing awareness of the 
high capital cost of nuclear plant and 
this should result in a determined 
engineering effort to reduce this part 
of the investment. 

The outlet for nuclear energy is 
mainly through the electricity supply 
industry and this causes nuclear pro- 
tagonists to analyse supply load 
characteristics. Strictly these are not 
nuclear matters, even though very in- 
teresting, and it must be realized that 
load factors cannot be increased at 
the generating stations. Pumped stor- 
age and other integrated loading 
schemes may well assist in providing 
an economic load for nuclear or other 
high capital cost plant but the real 
solution rests with the electricity user. 
The trend of nuclear energy is 
towards zero fuel costs accompanied 
by high capital cost. To employ this 
kind of production unit economically 
the user must pay a capital com- 
ponent for the service and thereafter 
perhaps no running charge. This will 
not be achieved so long as electricity 
is sold in kWh; if consumers pur- 
chased ‘kilowatt years’ the capital 
charges would be assured and the 
efficient utilization of the investment 
would be in the hands of the con- 
sumer who would surely increase the 
load factor. 
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2092 Czechoslovakia Engineering and economic 
aspects of the construction of an atomic power 
station in Czechoslovakia Sevcik 

2028 USSR Economics of fast power reactor nuclear 
fuel Kazachkovsky 


545 











by H. ROSE, ph.D., A.inst.P 


Reactor Division, Harwell 


Research and engineering test reactors 


—world-wide reports on operational experience 


HIGH POWER REACTORS 

AT THE TIME of the first Geneva 

Conference there were only three reac- 

tors with flux exceeding 5 x 10'*: the 

American MTR, the Canadian NRx and 

the Russian RPT. Since then many re- 

actors are operating or nearly com- 

pleted with fluxes of order 10" 

n/cm*/sec. These fall into three major 

categories: 

I. The D.O-natural uranium class, 
such as the Canadian NRU, which 
represents the culmination of this 
type: its cost of $M50 makes it 
the most expensive stationary piece 
of scientific equipment that has 
ever been built. Others of this type 
are the French eEt-mt and_ the 
Canada-India reactor at Trombay. 

2. The D,.O—enriched uranium sys- 
tems, as typified by the American 
cp-v and by DIDO, PLUTO and DMTR 
in the United Kingdom. 

3. The H.O—enriched uranium class, 
the MTR type reactor, with the 
American engineering test reactor 
(ETR) as the outstanding example. 
Some of the others are the Oak 
Ridge research reactor, the Belgian 
BR-I1, two in the Soviet Union at 
10 MW each, the General Electric 
testing reactor and the Lockheed 
RER, 


Reviewing these reactors, the session 
chairman, Alvin M. Weinberg of Oak 
Ridge. concluded that the MTR type 
appears to have emerged as the most 
popular system for work at very high 
fluxes, two major improvements hav- 
ing been made since the last Confer- 
ence. Firstly, a substantial increase in 
power output has been attained. The 
ETR Operates at 175 MW with a maxi- 
mum above-thermal flux of 2 x 10! 
n/cm*/sec and a maximum heat trans- 
fer of 90 cal/cm?/sec, corresponding 
to a maximum power density of 
around 1:9 kW/cc. He believed that 
this gave the most intense power gen- 
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eration, although in a small region, 
of any reactor now operational. The 
second improvement concerns the in- 
creased experimental convenience of 
these systems. Present philosophy is to 
site the reactor at one end of a pool, 
with the control rods coming in from 
below. This gives good access to the 
reactor on all sides. Recent experi- 
ments on the Oak Ridge reactor 
operating at 20 megawatts have indi- 
cated that the N-16 formed in an open 
pool of water by neutrons emergent 
from the reactor does not present a 
radioactive hazard since the maximum 
radiation measured at the pool sur- 
face was only 7 mr per hour. 


Raising the flux 

On the question of achieving fluxes 
in the 10'* to 10'* range, the chair- 
man mentioned the so-called * flux- 
trap” principle where the chain reac- 
ting system occupies an annular region 
within which is placed a good moder- 
ator such as H.O or D.O, so that the 
incoming fast neutrons get trapped as 
thermal neutrons. A factor somewhere 
between 3 and 10 can be obtained for 
the magnification of the flux in the 
annulus as compared with the flux in 
the trap. However, it is difficult to 
find an engineering test requirement 
for fluxes of the order of 5 x 10! 
n/cm*/sec. For research involving 
neutron beams, he emphasized that 
attention should first be turned to try- 
ing to improve the neutron detection 
efficiency, rather than trying to raise 
the reactor flux which was expensive. 
There did anpear, however, to be one 
bona fide requirement for very high 
fluxes which might justify the ex- 
tremely high expenditure involved— 
the production of transuranic elements 
in significant quantities. At Oak Ridge 
design studies have been made on a 
50 MW flux trap system producing a 
flux of 10'° in a small volume with a 


maximum power density of 3 to 5 
kW /cc. 

During the ensuing discussion, par- 
ticipants gave reasons for their own 
particular reactor choice, and re- 
ported operational costs and experi- 
ence with their reactors. In paper 211 
G. C. Laurence stated that in Nrt 
they wanted a versatile reactor which 





In the main reactor hall of NRU a 
bridge connects the top of the reactor 
(back, left) with the top of a con- 
crete storage block and supports the 
long vertical fuel transfer machines 


would produce intense neutron beams, 
highly radioactive materials such as 
Co-60, high U-233 and plutonium pro- 
duction for research directed towards 
their nuclear power requirements, test- 
ing facilities in a high flux for fuel 
rods some 2 or 3 metres long, and 
loops for testing the behaviour of 
liquids and gases. The chairman had 
earlier commented on the extremely 
high cost of NRU, and had expressed 
the personal opinion that it might 
have been preferable to have built 
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sev smaller reactors of the same 
flux !evel—possibly some five ORR’s. 
To s Laurence replied that they 


could not afford to build a differen: 
reac for each of their research re- 
qui ents. The advantages of NRU 


are its big dimensions and fairly low 
fue! costs. They chose natural uranium 
because Oxide would not have given 
such a good neutron economy nor 


such a high flux, and heavy water was 
chosen as moderator for similar rea- 
sons 


New Russian type 

After an account by Goncharov 
(2185) of operational experience on 
the Russian RFT, which he described 
as reliable and safe, considerable inter- 
est was aroused when Feinberg, also 
oi USSR, reported that they were con- 
structing a new-type 50 megawatt re- 
actor to produce transuranic elements. 
rhis is an intermediate neutron reac- 
tor with a central flux trap and a zero- 
energy version already built shows the 
feasibility of attaining a flux of 3 
10 njcm*/sec with light water in 
the flux trap. For maximum power 
density an intermediate system is 
necessary and they hope to attain 5 
kW/ce at the core centre. The power 
reactor is scheduled to start up next 
year. In response to questions, Fein- 
berg added that the system is beryl- 
lium reflected and cooled with ordin- 
ary water, and will employ 12 to 15 
Kg of U-235 to allow for high burn- 
up. The high power density will be 
attained by using fuel elements less 
than | mm thick, 90 pe U-235 as 
oxide, with nickel cladding of 2 mm 
thickness. These fuel elements have 
proved extremely stable in experimen- 
tal loop tests. 

Doan of the US described recent 
developments with the MTR and ETR 
(2177), and reported that the former 
has operated successfully for more 
than six years during which time a 
total of 55,000 MWd has been accu- 
mulated, Although the standard fuel 
is 93 pe enriched U-235, the MTR has 
also operated satisfactorily with a core 
of 20 pc enriched uranium, and is pre- 
sently operating on a full plutonium 
core. He anticipates reaching some 20 
pe burn-up with the plutonium fuel. 
Almost 3000 shipments of reactor- 
irradiated materials have been made 
both in the United States and abroad. 
The outstanding feature of the ETR is 
its nine major core irradiation facili- 
ties running the entire length of the 
36 in. fuel elements, and ranging in 
size from 9 in. square down to 3 in. 
square. There have been no major 
Operational incidents involving either 
the MTR or ETR, but there have been 
several incidents in the MTR involving 





the release of minor amounts of radio- 
active vapours, which required tem- 
porary evacuation of the reactor 
building. Based upon the operating 
costs of the MTR, he reported an irra- 
diation cost of $55 per irradiation of 
10°° thermal nvt for each cubic inch 
of irradiation space. Preliminary esti- 
mates for the ETR are similar, but it 
is likely that these will decrease later. 

Concerning the cost of the DIDO 
class reactors, Jackson in paper 22 
quoted a total capital cost of less than 
£2,250,000. He pointed out that for 
this one obtains a 10 MW research 
reactor with a peak thermal flux 
around 1:4 x 10'* n/cm?*/sec; ex- 
cluding the thermal column _ holes, 
there are 48 experimental holes rang- 
ing from 2 to 6 in. diameter, of which 
28 are in the heavy water reflector. 
The staff associated with DIDO, which 
includes about 100 scientists whose re- 
searches centre on the reactor together 
with the necessary engineering and in- 
dustrial staff for reactor operation, de- 
sign and laboratory work, totals some 
300 and represents an annual expendi- 
ture for all purposes of around £M1°5. 


LOW POWER REACTORS 

Turning to low power research reac- 
tors, which are usually designed for 
engineering education, basic research, 
and specialized work such as shield- 
ing studies, the chairman stressed that 
considerable numbers are now in use 
in the world’s universities and research 
centres. Although many types have 
been built, he had the impression that 
these reactors have almost all reached 
the status of any other piece of large 
scientific equipment. 

The two most popular reactor types, 
judging by the papers presented at this 
session, appear to be the swimming 





pools and water boilers, which are 
simple and reliable in operation. The 
Chairman emphasized, however, that 
in both types the problems of radioac- 
tive contamination must be taken seri- 
ously. Furthermore, the original swim- 
ming pool reactor was a 100 kW de- 
vice and the present tendency to push 
the system to the 5 MW region is a 
difficult extrapolation. He mentioned 
that since the first Geneva Confer- 
ence many very low-powered train- 
ing reactors have been built, with the 
Argonaut and TRIGA as notable ex- 
amples. These reactors are essentially 
educational tools, and he hoped that 
they are ‘as student-proof and pro- 
fessor-proof as their proponents claim 
them to be.’ 


US emphasis on teaching 


The first participant in this discus- 
sion, Thompson of the MIT (417), 
said that the United States places con- 
siderable emphasis on the use of teach- 
ing reactors, and now supports 23 such 
reactors with powers of less than 10 
kW. He went on to describe the MIT 
research reactor which has been set 
up right in the heart of the Boston 
metropolitan area. This is much like 
cp-v in that it has a highly enriched 
core of MTR type fuel elements, and 
is heavy water moderated and cooled. 
The reactor power is | MW, and the 
system is contained in a steel shell 
74 feet in diameter and 50 feet high. 
The reactor was completed in the late 
spring of 1958 at a cost of around 
$M2°8, and it is anticipated that the 
operating budget will be roughly 
$300,000 per annum exclusive of fuel 
and heavy water charges. The MIT is 
programmed to support a broad re- 
search and teaching programme in 
many fields, including physics, engin- 


Outstanding feature of the MIT research reactor is its location in the heart of 

the metropolitan area of Boston. Special attention was therefore paid to shield- 

ing which comprises a boral layer, a sandwich construction steel/lead thermal 
shield and a six foot, high density, concrete biological shield 























eering, chemistry, biology and food 
technology. 

Salvetti of Italy (1383) explained 
that the ISPRA-I reactor, which is now 
under construction near Lake Mag- 
giore to the north of Milan, derives 
from the design of the MIT reactor. 
Its fuel is 20 pe enriched, however, 
and it will have a thermal power of 
5 MW with a maximum thermal flux 
of 8 x 10 n/cm?/sec. 

A large network of low-powered re- 
actors, many of the pool type, is being 
built throughout the Soviet Union to 
cover a broad research field (2185), It 
is hoped to set up scientific centres in 
many areas — including Leningrad, 
Kiev, Tashkent, Tiflis and Sverdlovsk 

and to attract specialists from the 


20 pc—were manufactured by the Bab- 
cock and Wilcox Company. MELUSINE, 
situated near the industrial and univer- 
sity town of Grenoble, has been de- 
signed for maximum flexibility in the 
irradiation of samples for use in a 
diversity of work. TRITON, however, 
which is located at Fontenay-aux- 
Roses close to the first French reactor 
ZOE, has been designed specifically for 
shielding and protection studies. 

The Karlsruhe research reactor FR-1 
will become critical late in 1959. It is 
like NRU On a small scale, being D.O 
moderated and cooled with a heat 
output of 12 MW. Wirtz reported 
(1630) that natural uranium was 
chosen because of Germany’s desire to 
manufacture the metallic fuel elements 
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Core of the tank type reactor MERLIN can be in any. of four positions for 
fuel loading, experiments and storage. It is the prototype for reactors to be 
built and marketed by AEl-John Thompson for research in industry and universities 


large universities and institutes to these 
sites to train young scientists and tech- 
nicians. 


French pool reactors 

The reasons for building the two 
French swimming pool reactors MELU- 
SINE and TRITON were described by 
Virnot (1205). They have much in 
common: their power is 1000 kW with 
a nominal flux of 10'* n/cm?/sec, and 
their fuel elements—of the conven- 
tional type with uranium enriched to 


548 


herself. Part of the heavy water is 
already produced by _  Farbwerke 
Hoechst and the metallurgical deve- 
lopment of the fuel elements is being 
undertaken by the Degussa Company, 
Frankfurt. A research facility with the 
training of engineers and scientists as 
one of its main aims, the reactor is 
also intended to serve as a testing faci- 
lity for fuel elements of power reac- 
tors which may be developed later in 
Western Germany. A flux of 2 x 10" 
n/cm?/sec will be available at full 


power, and the main testing facil ty 
will be a vertical channel passing c« »- 
trally through the reactor, with seve) al 
horizontal channels also penetrat: .g 
the core. 


MERLIN soon on sale 

Built at Aldermaston by AEI I 
the MERLIN 5 MW reactor (313) is a 
light water-cooled and moderat:d 
system utilizing highly enriched ura- 
nium fuel elements essentially simiiar 
to those in the DIDO type reactors. The 
core can be moved vertically to any 
of four positions: the top position 
allows fuel loading or withdrawal, two 
lower ones bring the core into the 
plane of two sets of experimental faci- 
lities whilst the lowest is the storage 
state where the possibility of coolant 
loss is negligible. The two experimental 
positions are separated by about one 
metre so that one rig can be modified 
whilst the other position is in use. 
The reactor possesses a relatively high 
fast neutron flux level, and should 
make a useful addition to the research 
and testing facilities in the United 
Kingdom. Excluding fuel, the total 
cost of the reactor itself is around 
£175,000, and MERLIN should be fully 
tested and available in 1959 for gen- 
eral research by industry, the univer- 
sities and other research institutions. 

Operational experience on India’s 
first atomic reactor, APSARA, since 
start-up in August, 1956, was discussed 
by Prasad (1625). The reactor is a 
swimming pool system designed for a 
wide variety of experimental purposes, 
and has been in steady operation for 
over 18 months at a power level be- 
tween 1 and 1000 kW. The reactor 
design and construction was carried 
out and completed entirely by Indian 
technologists in about 12 months, and 
nearly all the components were fabri- 
cated in India. The fuel elements, how- 
ever, were supplied by the UK Atomic 


-Energy Authority. 
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iiques for controlling beryllium are 


nov. well established. Practical 


experience gained at Harwell over 


several years is outlined here 


Environmental monitoring for beryllium 


by R. O. R. BROOKS 


Medical Division, A.E.R.E., 


INCREASING USE is being made of 
beryllium in atomic energy projects. 
The hazards of this element and its 
compounds have been described (/), 
and clinical evidence cited (2, 3) which 
emphasizes the dangers involved un- 
less adequate precautions are taken. 
These include suitable building design 
and the use of controlled handling 
techniques in the laboratory (4). 
Equally essential is a means of evalu- 
ating the concentration of beryllium 
and its compounds in air and on sur- 
faces in the vicinity of laboratory per- 
sonnel, as only in this way can the 
effectiveness of the various safety 
measures introduced be assessed.* 

The importance of a monitoring ser 
vice for the beryllium laboratory can- 
not be stressed too strongly. It is im- 
possible to rely on the adequacy of 
the various control measures adopted 
until data on environmental conditions 
is available. The need to introduce 
additional safety precautions or the 
possibility of relaxing some of those 
imposed initially will depend entirely 
on the results obtained from environ- 
mental surveys. It is essential, there 
fore, that these should give a realistic 
picture of likely beryllium exposure. 

Thus the monitoring procedures 
employed must enable accurate assess- 
ments to be made for beryllium in the 
air near personnel and on surfaces 
such as benches, equipment, etc, with 
which they come in contact. Air 
sampling apparatus is necessary and 
smear and, occasionally, dust samples 
will also need to be taken. The sensi- 
tivity of the equipment required for 
beryllium determination is governed 
by the levels adopted for air. It is de- 
sirable to have a method that can de- 
tect and allow accurate determina- 
tion down to the equivalent of 1/100th 
of the specified average 8 hour work- 

*Urine monitoring for beryllium has been carried 


out, but the results have shown little correlation 
with exposure (/4, 15). 
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Harwell 


ing level of 2 eg Be/cu m of air and 
capable of estimating concentrations 
corresponding to at least the maxi- 
mum specified level of 25 #g/cu m. 
Also, to avoid the necessity for addi- 
tional equipment, the method adopted 
must be sufficiently flexible to cope 
with smear and dust samples with 
upper limits exceeding 100 xg of beryl- 
lium. 


Instantaneous reading needed 
Ideally a monitoring service should 
be capable of giving an instantaneous 





Standard equipment at Harwell for 

air sampling in beryllium laboratories 

is a modified ‘Electrolux’ vacuum 

cleaner. The specially designed head 

incorporates a filter paper holder and 

an anemometer for measuring linear 
air flow (fig 1) 


indication of beryllium concentrations 
in air. This will enable counter-mea- 
sures to be taken as soon as hazard- 
ous emissions of the metal or its com- 
pounds occur. The use of an instan- 
taneous system is particularly advan- 
tageous during the various develop- 
ment stages of a process where condi- 
tions are unpredictable. Once the 
danger points in the process have been 
established and overcome, simpler 
equipment can be introduced for rou- 
tine monitoring and some delay toler- 
ated in obtaining results. Even so, an 
analytical procedure is required which 


will give speedy results from air, 
smear and dust samples consistent 
with the necessary sensitivity and 
accuracy. 
EQUIPMENT AVAILABLE 

Air sampling 

In choosing an air sampler for rou- 
tine use, consideration should be given 
to the following points: 


a. the use of the filter paper as a 
means of trapping dust particles 

b. the adoption of a flow rate through 
the paper which is not less than the 
standard breathing rate in man 

c. the incorporation of some means of 
measuring the volume of air passing 
through the paper 

d. the means for drawing air through 
the filter 

e. the ability of the sampler to oper- 
ate continuously for long periods e.g. 
8 hours 

f. the desirability of independent oper- 
ation when required by attachment of 
a self-contained power unit 

g. the provision of a sampler that is 
small, light and readily transportable 
Considering these points in detail: 

a. The filter paper collection method 
has the advantage that dust trapping 
over a considerable range of particle 
size is possible. In this form, also, sub- 
sequent digestion of the paper and ana- 
lysis of the sample is simplified pro- 
viding an asbestos-based paper is not 
used. It is not, however, possible to 
differentiate between sizes of particles 
collected in this way. From the work 
of Davies (5) the range of (spherical) 
particle sizes over which maximum 
lung retention can occur for beryllium 
and beryllium oxide would appear to 
be between 0:4 # and 1-2 # diameter. 
The ‘Sample A° filter paper used at 
Harwell was developed specifically for 
air sampling.* Hounam and Wilkins 


*Supplied by the Fourstones Paper Mills, Hexham, 
Northumberland. 
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(6) have shown that it is very efficient 
over the above particle size range. 
Whatman filter papers can also be 
used, and a series of these is available 
with varying characteristics, constant 
for each grade of paper. 

b. There appears to be little general 
agreement on the air sampling rate 
that should be used and levels vary 
between 7 cc/minute in the thermal 
precipitation method, to 100 litres 
minute for other dust sampling equip- 
ment. Standardization of sampling rate 
would seem to be desirable to enable 
valid comparisons to be made of re- 
sults from all methods, and with the 
figure chosen bearing some relation- 
ship to, and being not less than, the 
standard man’s breathing rate. This is 
given by the ICRP (7) as 10 cu m for 
the 8 hour working period i.e. 20°8 
litres/minute. 

c. An anemometer, flow meter or stan- 
dard orifice is necessary if a relation- 
ship between the beryllium deposited 
on a filter paper and the air passed 
through it is to be obtained, thus en- 
abling results to be expressed in the 
same terms as the recommended levels 
i.e. in #g/cu m. The flow meter is only 
of use over relatively short periods 
when a constant air flow can be 
assured. Over long periods, readings 
vary due to increasing pressure resist- 
ance across the paper with dust build- 
up. A standard orifice suffers from the 
same disadvantage unless a pump is 
employed which is largely unaffected 
by this increase in resistance and is 
powerful enough to maintain the flow 
of air through the paper at the maxi- 
mum rate permitted by the orifice. 

d. For general convenience, an elec- 
trically-operated sampler has much to 
commend it. A good motor will main- 
lain a constant running speed and re- 
quire little attention. A suitable power 
supply is likely to be part of the nor- 
mal services installed in most build- 
ings. However, if compressed air is 
also available, the venturi principle 
can be used for drawing air through 
the filter paper—resulting in an even 
more reliable sampler. Breakdown will 
only occur in the event of the com- 
pressed air supply failing. 

e. Whatever the motive source em- 
ployed, the sampler should be capable 
of running for long, trouble-free 
periods. In some cases it may be desir- 
able to sample throughout the work- 
ing day of eight hours or more. If an 
electric motor is used, over-heating 
must be avoided and it may be neces- 
sary to incorporate a device for supply 
auxiliary air for cooling purposes as 
the filter paper becomes progressively 
clogged. This problem does not arise 
if the sampler can be operated on 
compressed air. 
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f. If the sampler is fitted with a suffi- 
ciently robust 6 volt or 12 volt a.c. 
d.c. motor, it can be plugged into the 
mains supply via a transformer for 
normal use, and run off an accumula- 
tor or batteries in the event of a power 
failure or for checking concentrations 





This portable air sampler, shown 

with filter paper in position, uses 

a pneumatically-operated air ejector 
(fig 2) 


in air in the vicinity of the beryllium 
building. Alternatively, if the sampler 
is run off a compressed air line in the 
laboratory, a cylinder of air can be 
attached for outside use. Whichever 
system is used, the portable power 
unit should be available separately and 
should, ideally, hold sufficient charge 
to enable sampling to be extended to 
eight hours if necessary. 

g. Light weight—not exceeding 10 Ib 
—and small size are desirable for port- 
ability. If the instrument is small 
enough, sampling in a confined space 
will be possible without the need for 
an extension hose. 


Harwell equipment 

A modified Electrolux vacuum 
cleaner (type 1195) has been in use at 
Harwell for several years for air 
sampling for both beryllium and radio- 
active aerosols (figure 1). A specially 
designed head incorporates a holder 
for a filter paper 6 cm diameter (5 cm 
effective diameter) and an anemometer 
for recording linear air flow. A factor, 
obtained by calibration of the anemo- 
meter with a gas meter, converts the 
linear feet obtained into litres. The 
filter paper is clamped initially in a 
supporting frame using a jig, and the 
frame is held in position in the nose 
of the sampler by means of a knurled, 
screw-on ring with protective grid. A 
bleed-off tube is fitted to ensure that 
an independent supply of by-passed 
air is available to cool the motor. This 
prevents possible overheating in the 
event of the filter paper becoming 
clogged when sampling in a particu- 
larly dusty atmosphere, It is possible 
to run the sampler for continuous 


periods of at least 8 hours and duri ig 
this time it will filter approximats ly 
50 cu m of air i.e. 100 litres/minute 
or 5 x the standard breathing rae. 
The modified Electrolux is supplied 
complete with a flexible extension 
hose* for remote sampling or for use 
in positions where space limitations 
prevent direct placing of the instru- 
ment. 

This sampler fulfils the majority 
the ideal requirements already ds- 
cussed. In its existing form, howev: 
a mains-operated motor is fitted whi 
makes its use for outside or emergen 
sampling dependent on a_ suitable 
power supply being available. This o 
jection can be overcome by using a 
portable, self-contained instrument de- 
signed by Hounam (8) and shown in 
figure 2. This uses an air ejector oper- 
ated by compressed air from an RAF 
oxygen cylinder. It samples at the rate 
of 100 litres/min and each cylinder 
lasts for about 20 minutes. A 6 cm 
paper is again used, and it is mounted 
in a holder similar to the one des- 
cribed above. A simple flow meter with 
adjusting valve is used instead of an 
anemometer, and a pressure gauge 
gives visual indication of the avail- 
able air. This instrument could also 
be adapted for use in a laboratory 
with a compressed air supply. 
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The main disadvantages of these 
two samplers are : 

1. The time taken to obtain a result 

2. The fact that the result only 

indicates the average dust con- 

centration in air during the 

sampling period. 
Thus, apart from the time taken to 
collect the sample and to get it to the 
processing laboratory, there is a fur- 
ther delay for analysis. This varies 
according to the technique used. The 
total amount of beryllium on the filter 
paper is related to the air passed 
through it to give a result representing 
the average beryllium concentration 
throughout the period of sampling. It 
is possible when sampling for a long 
period to obtain an average result of 
less than the 2 #g/cu m specified and 
yet to exceed, for a short time during 
that period, the recommended maxi 
mum of 25 ug/cu m without being 
aware of it. 

For routine sampling of processes 
for which the effectiveness of the pre 
cautions taken at all stages has been 
established and where day-to-day 
variations are not appreciable, the two 
disadvantages stated above can be 
tolerated. However, when accidental 
release of beryllium occurs or when a 
new process is being introduced, it is 


*By Fleming Radio Lid, Caxton Way, Stevenage 
Herts 
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desir: ble not only to know the results 
as n as possible, but to obtain con- 
ceniration figures throughout the re- 
lease-—not just an average figure for 
the whole period, In this way, it will 
be own whether the 25 #g/cu m 
level is exceeded at any time. If a 


monitoring system which indicates 
beryllium concentrations in the air as 
it is drawn through the sampling unit 
can be introduced, there will be no 
delay while the sample is being col- 
lected on a filter paper (in which time 
a hazardous amount of beryllium 
could be emitted and possibly breathed 
in by the operator) control of any 
operation can be exercised as a release 
of beryllium occurs and, possibly, a 
warning system incorporated. 


4 monitor built by Churchill and 
Gillieson (9) to give instantaneously 
the concentration of beryllium in air 
is shown diagrammatically in figure 3. 
Air is drawn through a spark gap at 
the rate of 3 cu m/hour and excitation 
of any beryllium present occurs. The 
resulting light is passed through a 
spectrograph, and the beryllium line 
required is selected by using an adjust- 
able exit slit and focused on a photo- 
tube sensitive in the region of the 
wavelength emitted. The output cur- 
rent from the photo-tube is amplified 
and fed to a recorder which gives a 
continuous trace. With the aid of a 
suitable circuit, an integrated result 
can be obtained. A commercial ver- 
sion of this direct reading instrument 
has been successfully used at Harwell 
for monitoring control during the in- 
troduction of mew _ processes. The 
monitor requires initial calibration. In 
its existing form it is bulky and 
heavy, but can be easily moved on its 
castors; miniaturization of the elec- 
tronic components and recorder will 
help to reduce both its size and weight. 
It has been criticized on the grounds 
of inability to excite, proportionately, 
particles of varying sizes (/0), but if 
this objection can be overcome, the 
definitive means for air monitoring in 
the beryllium laboratory will prob- 
ably result. 

It is only necessary to have a supply 
of cellulose filter papers for taking 
smear samples. These papers are easily 
oxidized to a negligible ash, but should 
be tested initially to ensure that «hey 
are free from traces of beryllium. 


SAMPLING PROCEDURE 


Air monitoring 

The whole object of air sampling 
procedure for personnel protection is 
to enable a realistic assessment to be 
made of a person’s likely intake of a 
particular aerosol—in this case beryl- 
llum—and to amend the safety mea- 


sures accordingly, It is obviously not 
feasible to monitor the same air that 
a person is breathing or to determine 
the exact extent of deposition in the 
lungs. It is important, therefore, that 
measures should be taken to ensure 
as reasonably as possible that the ana- 
lysis figures for beryllium in air are 
not less than the likely concentration 
in a person’s lungs during the same 
sampling periods, It is better that they 
are greater: in this way the resulting 
precautions adopted are likely to be 
more stringent than are necessary. At 
the same time, it is obviously desirable 
to reach a satisfactory compromise 
between having adequate safety pre- 
cautions and yet enabling the operator 
to carry out his work with the mini- 
mum of restriction. Thus the installa- 
tion of a glove box which gives the 
greatest degree of protection should be 
carefully considered due to the diffi- 
cult working conditions that it im- 
poses on the operator. 


The filter paper collection technique 
has the advantage that a large puar- 
ticle size range is covered. Inciuded in 
the sample for analysis will be par- 
ticles greater than 5 # radius which 
will normally be retained in the nose 
of the operator, or in his upper res- 
piratory passages. The latter particles 
vould be subsequently swallowed, and 
so would not be presented to the 
lungs. When specific data on particle 
size, shape, density and chemical form 
is lacking and when it is not known 
whether a person is a mouth breather, 
the ICRP (7) consider in general that 
for readily soluble and other com- 
pounds inhaled, 25 pe of the particles 
are exhaled, 50 pe are deposited in 
the upper respiratory passages and 
later swallowed, and the remaining 25 


pe of soluble compounds which are 
deposited in the lung are taken up 
into the body. In the case of com- 
pounds not readily soluble in the lung, 
half of this 25 pe is swallowed within 
the first 24 hours. So, of the origina! 
dose, only 124 pc of the particics 
other than readily soluble ones are 
retained in the lung—with a biologicai 
half-time of 120 days. 
Whole area coverage 

When an air monitoring programme 
is being planned, consideration should 
be given not only to providing cover- 
age for the operator on a particular 
process, but to those working in the 
same general area who many not 
necessarily be in contact with beryl- 
lium at the same time. The installation 
of a number of fixed sampling units 
arranged just above head level around 
the various operational positions to- 
gether with a mobile sampler for each 
operator placed at his breathing level 
and as close to the source of emission 
as he is likely to be, should give, in 
combination, as reasonably realistic a 
means of sampling as it is possible to 
achieve. In addition to the mobile 
modified Electrolux, fixed sampling 
heads have been installed in a num- 
ber of laboratories at Harwell for 
checking the concentration of radio- 
active particles in air, The one shown 
in figure 4 consists of a filter paper 
holder and an anemometer, and is 
connected to an individual pump, but 
a common exhaust system could also 
be used. 


Smear sampling 

This is used for checking surfaces 
of rooms, fittings and apparatus for 
contamination by beryllium or, when 
cleaned, for the effectiveness of de- 


Monitor built at Harwell gives instantaneous reading of Be 
concentration in air and has been used successfully for 
control during new operations (fig 3) 
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contamination. It consists of wiping 
the surfaces concerned with a filter 
paper (5:5 cm or 7 cm diameter What- 
man No |) to collect removable dust, 
followed by analysis of the paper for 
beryllium. 

The nature of the smearing opera- 
tion is such that the results can only 
be semi-quantitative, and it relies on 
its success for not less than 50 pc of 
the removable dust adhering to the 
paper. Thus if 50 #g of beryllium were 
originally on the surface, the result 
from paper collection should be not 
less than 25 #g and this would corres- 
pond to the amount remaining on the 
surface. When wiping a_ perfectly 
smooth surface, it is often possible by 
suitably rotating the paper or by using 
several papers to obtain, by visual 
estimation, greater than 50 pc dust 
collection. As the surface gets coarser, 
the tendency for it to act as an abra- 
sive and to remove some of the dust 
previously collected increases. When, 
due to excessive coarseness, it appears 
unlikely that 50 pe removable dust 
can be retained on the smear paper, 
this method is inadvisable. 

When a room has been decontamin- 
ated, it is current practice at AERE 
to take smear samples from the floor 
and walls. These are taken, where 
possible, over an area of 1 sq m. The 
distance between the floor and the 
ceiling or between opposite walls is 
estimated to convert the area sampled 
to volume (in cu m). It is then 
assumed that all the beryllium de- 
tected is dispersed uniformly in this 
volume, and by averaging all results 
obtained in this way a mean concen- 
tration figure for the room is obtained. 
This should not exceed 2 #g/cu m. 


Dust samples 

Smear samples can be taken from 
environment surfaces in most cases 
and are more easily analysed, but in 
the case of coarse surfaces it is better 
to take a small sample of dust using 
a small, clean brush and observing 
precautions to prevent possible inhal- 
ation. 


ANALYTICAL METHODS 

Of the methods available for beryl- 
lium determination, the spectrographic 
technique has the advantage of both 
sensitivity and specificity, and it can 
be carried out relatively quickly and 
easily. It has been used as the means 
of analysis at Harwell throughout the 
beryllium project. The filter or smear 
papers and the dust samples are 
digested initially—in acid in the case 
of beryllium metal or its soluble com- 
pounds, or fused with sodium bisul- 
phate if the * insoluble’ oxide is pre- 
sent. The acidified residue is, in both 
cases, filtered and the beryllium co- 
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precipitated in ammoniacal solution 
with calcium which acts as a carrier. 
This also serves as a separation stage. 
Thallium is added as an internal stan- 
dard, and the solution is finally 
pipetted and dried on graphite elec- 
trodes for arcing. After spectrographic 
resolution, the light signal impinges on 
a photographic plate which is then 
developed, read off on a microphoto- 
meter and the results computed from 





Fixed sampling heads of this type are 

mounted permanently at mouth height 

for monitoring coverage over the 
whole working area (fig 4) 


a standard curve. The use of thallium 
overcomes any variations in the photo- 
graphic emulsion or developing pro- 
cess. Estimation down to 0:05 ug of 
beryllium is possible, and satisfactory 
separation from iron, which is the 
nearest interfering element, is achieved 
using a medium spectrograph. The 
upper limit of the method is 10 zg 
for beryllium, but as only an aliquot 
of the solution from each sample is 
used, the remaining solution can be 
suitably diluted and the arcing re- 
peated if the original aliquot contains 
more than 10 eg, as indicated by ex- 
cessive thickening of the beryllium 
line followed by self-reversal. The 
cathode layer technique has been used 
to estimate down to 2°0 10-"' g of 
beryllium on a Littrow quartz spec- 
trograph and tracing results with a 
recording microphotometer (//). 


Direct arcing quicker 

Using a photographic stage results 
in some delay in processing and read- 
ing the plate, and inclusion of the 
chemical digestion and_ separation 
stages, the latter stage reducing ex- 
traneous wavelength lines on the 
plate, further lengthens analysis time. 
By employing a direct arcing proce- 
dure, having a line-selecting exit slit 
on the spectrograph, substituting a 
photo-tube for the photographic plate 
and feeding the resulting amplified sig- 
nal to a recorder, a continuous or in- 
tegrated trace can be obtained as the 
sample paper is arced. In this way 
considerable saving of time is possible 
and the only delay, apart from the 
sampling period, will be in getting the 





sample to the analytical laboratory 
for beryllium estimation. 

A direct-arcing method has been 
described by Landis and Coons (/?), 
A 4 in. diameter filter paper is used 
to collect the sample and is then 
rolled up and placed in a cavity in a 
graphite electrode and flame charrid. 
Barium chloride is added to act as a 
carrier and to increase the volatiliza- 
tion of beryllium during the arcing 
period which follows. Due to the 
colour that the barium imparts to the 
arc, visual indication of complete 
barium—and presumably beryllium 
volatilization is given. A large quartz 
spectrograph is used, and the sensiti- 
vity of the method is stated to be 
0-002 ug of beryllium. The upper limit 
is O-l wg, but by using the twin 
sampling head designed by Fitzgerald 
(/3) the second paper can be analysed 
by a method coping with higher con- 
centrations if the first paper is shown 
to contain more than 0:1 eg of bery|- 
lium. The Landis and Coons method 
has the disadvantage that it uses a 
photographic plate to record the light 
signal, so only limited time saving is 
possible. 

The procedure of Davies et al (/0) 
not only employs direct-arcing of the 
sample paper, but also has a photo- 
electric recording system which to- 
gether reduce analysis time to a few 
minutes. Using a quartz medium spec- 
trograph, the limit of detection is 
0-003 ug of beryllium. The filter paper 
is 8-5 mm diameter, and air is drawn 
through it at 15 litres/minute for 5-15 
minutes for routine sampling or for |! 
minute in an emergency. The paper is 
cemented to a graphite electrode and 
sparked. The filter paper is impreg- 
nated initially with an aluminium 
solution and this acts as an internal 
standard to correct for any mechani 
cal loss during the sparking period. 
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Ways ahead for the boiling water reactor 
— some thoughts by Walter Zinn 


Davidson: One of the most interesting 
papers at this conference was the one 
on EBWR—its increase of power. This 
seemed to mez to have a tremendous 
effect on the economics of the whole 
boiling-water system. Dr Zinn here in- 
vented boiling-water reactors and I won- 
der if he could say a few words about 
the significance of these results. 


Zinn: Well, I did the design work, or a 
great deal of it, with my associates and 
the first remark I'd made is, that like 
anyone designing the first of a new kind 
of machine, you’re conservative. So some 
of the power increase in that machine 
was not unexpected. We always expected 
that the power would go considerably 
over what we had put down as the de- 
sign. Of course that doesn’t change the 
fact that for the same money more power 
can be got. The fact that they've been 
able to to take the machine to three 
times the power does include a factor 
we had anticipated only with hope, and 
that is connected with two things. One 
is that that reactor operated at higher 
pressure than any previous boiling-water 
reactor and we were never able in the 
laboratory to establish the bonus we would 
get with going up in pressure. 

The second point, which we have in 
the same category, and which the 
EBWR did not do anything about but 
which BORAX-IV did—we fuelled this with 
oxide at about the same time—showed 
us that putting a longer time constant in 
the temperature effects in the fuel stabi- 
lized the boiling-water reactor even more. 
These two facts together tell you that 
an oxide-fuelled boiling-water reactor, 
even with natural circulation, can have 
a quite respectable power density and it 
makes quite an attractive machine. 
Davidson: It certainly looked like it from 
the figures I saw. Do you think that in 
the United States you're getting round to 
any sort of decision yet on whether the 
Pressurized or the boiler is the better 
system? It seems to me that the boilers 
are beginning to get the edge on the 
Pressurized ones. 

Zinn: It’s probably only temporary, be- 


Cause the  pressurized-water reactor 


Last month we published a transcript of a tape recording on gas-cooled 


reactors made at Geneva by a US/UK team. We were privileged to 


have with us Dr Zinn, who as former director of the Argonne National 


Laboratory was a pioneer of this concept. The conversation continued 


people are about to go to nucleate boil- 
ing, surface boiling, and this will raise 
the rating of their reactors. So I don’t 
know what the next step beyond that 
will be, but if you figure the fact that 
the boiling-water reactor is also going to 
higher pressure, these things are begin- 
ning to look like each other. I think the 
boiling-water reactor in one of its ver- 
sions has an advantage which, if it can 
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be retained, wili mean an edge: namely, 
the direct passage of the steam from the 
reactor to the turbine. This is being 
done and seems to be successful. If it’s 
accepted it’s the cleanest thing that the 
other reactor, which uses the heat ex- 
changer, just can’t match. It’s not entirely 
accepted, and you won’t find everyone 
saying ‘well, I'm willing to have steam 
directly from the reactor to the turbine.’ 
Not because of normal operation—that’s 
all right—but they keep worrying about 
what happens if you get a hole in a fuel 
jacket. If you get a hole you get a puff 
of the fission gases, which don’t really 
contaminate anything, but will set off all 
the detecting gear in the steam line. And 
you shut the reactor down and remove 
the fuel element—if you can find it. 
This is a problem. There’s a lot of work 
been done on it, and a number of quite 
ingenious schemes have been developed. 
I'm sure there will be quite a good one. 
Millar: You are developing a nuclear 
superheater which again will be a great 
advance from the boiling-water reactor 
in giving you better steam conditions, 
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but there again you may have a worse 
problem with any bursts or perforated 
fuel elements, there would be no hope 
of containing even solid fission products. 
Zinn: Why do you say that? 

Millar: Well, presumably they would be 
taken straight over by the steam into the 
turbines, whereas any fission products 
released under the surface of the water 
vould be contained within the vessel. 
Zinn: When you puncture a jacket con- 
taining oxide fuel all you get out at first 
really, and even for quite a while, is a 
puff of xenon and then krypton. Now 
these gases of course immediately set off 
the detectors in the steam system but 
the amount of contamination you get 
from them in the system is rather minor. 
It really will be a passing thing, so un- 
less you had terrific failures and had the 
fuel elements going off like fire crackers, 
bursting their jackets, you really can’t 
get any contamination that way. But if 
you insist on running your reactor with 
failed jackets for any period of time 
then there is the possibility of getting a 
little contamination, but we don’t re- 
commend that actually! 

Gott: You've had enough experience to 
say that you are not likely to get large 
puffs of activity other than gaseous fis- 
sion products? 

Zinn: Fuel elements with holes in them 
have been operated steadily and the 
amount of activity coming out of the 
oxide is pretty small. An experiment 
which I would like to see done, is to 
take a fuel element which has had a long 
exposure and therefore is all cracked up 
and has a lot of gas in it—maybe some 
has been released, but remember the oxide 
doesn’t release much gas, at these tem- 
peratures—and then break the jacket. 
This hasn’t actually been done. 

Grant: At the moment probably your 
main difficulty is in fact tracking down 
which is the failed fuel element within 
the core. If you don’t want to have a 
long shut-down you've got perhaps to 
lift the whole core out, replace it and 
then look at it at leisure. 

Zinn: God forbid, no! We hope we have 
techniques to go into the core and rather 


continued on page 560 
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New Product Survey 


PLANT - EQUIPMENT - INSTRUMENTS : MATERIALS 





PULSE HEIGHT ANALYSER 
Hutchinson-Scarrot type 


A new type of pulse height analyser, 
Type HS100, has been developed at the 
Airport Works of Marshall of Cambridge 


under licence from the National Research 





The Marshall PHA type HS100 was 

developed under licence from the 

National Research Development 

Corporation. It uses a new memory 

system involving two _ torsional 

acoustic delay lines each working at 
a frequency of | Mc/s 


Development Corporation with the ob- 
ject of producing a first-class British in- 
strument exhibiting all the characteristics 
of existing analysers at a fraction of the 
cost but retaining their accuracy and 
achieving the utmost in reliability. This 
is effected by the use of the Hutchinson- 
Scarrott principle, using computer tech- 
niques for the storage of information 
performed in serial manner using two 
torsional acoustic delay lines. This sys- 
tem is inherently simpler in construc- 
tion and less extravagant in components 
than the core memory type of analyser. 

The facilities include a visual display 
and automatic readouts in both analogue 
and digital systems. The analyser will 
accept a wide range of pulses of either 
sign up to a maximum mean counting 
rate of 1,600 pulses per second. The input 
pulses may be back biased at the input 
to the amplifier, when a gate is provided 
for coincidence and _ anti-coincidence 
work. The memory is divided into either 
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100 or 150 channels for which the energy 
scale may be either linear or exponen- 
tial, the latter case giving greater reso- 
lution at the lower energy end of a spec- 
trum. This is a unique feature of the 
Marshall analyser. 

Another extremely useful facility js 
the ability of the instrument to subtract 
counts from a spectrum already in the 
memory. In conjunction with the live 
time integrator, which is necessary at a 
high counting rate, the background count 
can automatically be subtracted from a 
spectrum, leaving the true count in the 
memory. A total count scaler records 
the total number of pulses analysed by 
the instrument. 

The Marshall pulse height analyser 
which is now being supplied to labora- 
tories both at home and abroad is mar- 
keted at a total price of considerably 
less than £3,000 which includes the auxi- 
liary units and a printing out device. 


Tick No 181 on reply card 


PROTECTIVE SUIT 
Meets AEA specification 

A new type of protective suit made with 
Geon PVC sheeting has recently been 
introduced jointly by Spembly Ltd, and 
Plysu Products Ltd. Designed and deve- 
loped primarily to fulfil the requirements 
of the United Kingdom Atomic Energy 
Authority this suit affords the wearer 
complete protection against radioactive 





The Spembly suit is pressurized yet 

gives unrestricted movement and 

vision in all directions due to a 
special hose harness 


dust while allowing maximum freedom 
of movement. 

The Spembly suit is also suitable for 
the inspection of petroleum tanks a:d 
gas holders, refrigeration plant emer- 
gencies, in the oil, chemical, cement and 
other industries—in short, wherever 
there is atmospheric contamination 5, 
toxic fumes, gases or dust particles. 

Special features of the suit includ 
full ventilation to the body extremitics, 
and helmet air supply, both controlled 
by the wearer; reduced fatigue since the 
weight of the air hose is taken by a spe- 
cial harness; unrestricted vision in all 
directions. 

Tick No 182 on reply card 


FLOWMETER 


Linear response 





The Gloster Type 101 flowmeter was 
originally developed for high pressure 
aircraft hydraulic circuits, Following 
numerous enquiries, a comprehensive 
range of flowmeters, suitable for use with 
a wide variety of fluids, has now been 
developed. 





Now available for general applica- 
tion, the Gloster flowmeter oper- 
ates by the rise of a tapered plug 
which picks off a potentiometer 


The metering unit, consists of a main 
body in which is housed a tapered slid- 
ing plug held in the closed position in 
a sharp-edged orifice by a main con- 
trol spring. Fluid passing through the 
meter overcomes the spring force, thus 
displacing the plug as a function of 
flow, Linearity is achieved with a suit- 
able combination of initial spring load, 
spring rate and plug taper. The move- 
ment of the plug is transmitted to the 
indicator unit by means of a potentio- 
meter (the slider being lightly spring 
loaded against the plug spindle), through 
a direct current balanced bridge net- 
work. The electrical supply is self-con- 
tained, power being obtained from two 
1-5 V dry cells. 

A. means of calibration is incorporated 
in the circuit whereby the switching in 
of a resistance, equal to that of the 
potentiometer at the calibration deflex- 
ion, gives a rapid calibration check and 
calibration adjustment. An _ alternative 
method of transmission, using an induc- 
tion pick-off, can be provided in place 
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of potentiometer which enables the 
flow er to be used with non-compat- 
ible fluids. A range of flows up to 300 
gpn covered. 


Tick No 183 on reply card 


COMPOUND-FLOW FAN 


Combined characteristics 


A provisional patent (No. 3148/58) has 
been granted to Keith Blackman Ltd to 
cove AX-CENT compound-flow 
fan. It is claimed to combine the advan- 
f both the basic axial and centri- 
fugal types, being similar in external 
appearance to an axial fan yet possess- 
ing centrifugal characteristics. 

The AX-CENT fan differs from the 
conventional axial type in that its cylin- 
drical casing contains a venturi type inlet 
to a shrouded, compound flow impeller 
followed by guide vanes. With its steep 
pressure/volume characteristic the new fan 


their 


tages 





The AX-CENT fan gives centrifugal 
characteristics yet fits neatly into a 
duct system 


contrasts sharply with the normal axial 
type because as a single-stage unit it pro- 
vides twice the pressure development of 
the single-stage axial fan running at the 
same speed, its pressure/volume being 
more comparable with a two-stage axial 
type fan. The mechanical efficiency and 
relatively low sound level of the AX- 
CENT fan compare very favourably with 
that of a centrifugal fan for equal duty. 
Tick No 184 on reply card 


MOBILE WELDING PLANT 


For site and shop work 


Welding Industries have designed an en- 
tirely new diesel-powered mobile weld- 
ing plant. Suitable for both production 
line and welding, the 
machine is self-contained and totally en- 
closed and has an output of 300 amps 
MaXimum intermittent, or 240 amps con- 
tinuous hand-weld. It is powered by a 
Lister HA _ air-cooled engine, direct 
coupled through a patent flexible coupling 
to a Lancashire Dynamo & Crypton d.c. 
generator, complying with BS.638, drip- 
Proof protected, special drooping charac- 
teristics, cumulatively compound wound. 
A separate resistance unit is provided in 


general site 
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the control housing to enable the open 
circuit voltage to be adjusted by 15 pc 
if required. Endplate type ball bearings 
are used throughout. Electrodes of 16-4 





The welding plant is fitted with a 


twin-cylinder, air cooled Lister 

engine developing 17 hp at 1500 rpm 
swg for mild steel welding can be used 
with this plant. 

The unit incorporates the new flexeter 
type of suspension, high speed towing 
gear and a robust single spar chassis. 
Tick No 185 on reply card 


VACUUM PUMP 

Type used in ZETA 
Metropolitan-Vickers recently introduced 
a new diffusion pump—the Metrovac 
type 9/14. Designed primarily to give its 
highest pumping speeds at the 
pressures, the pump is claimed to be 
very suitable for the large vacuum sys- 
tems used in nuclear physics research, 
and did in fact form the basis of the 
high vacuum system supplied by Metro- 
politan-Vickers for the evacuation of the 
ZETA torus. Both oil and mercury ver- 
sions of the pump are available. 

The characteristics of the pump are 
those of a 14-in. diameter pump at pres- 
sures below 5 X 10-* mm Hg, and of a 
9-in. diameter pump at higher pressures 
(of the order of 10-* mm Hg), but with 
a power consumption of only 2°5 kW 
for the oil pump and 3 kW for the mer- 
cury pump. 

The peak, unbaffled air speed of the 
oil pump is 2,850 litres per second, 
which is a far higher speed than that 


lower 


Available for 
both oil, and 
mercury - diffu- 
sion types, this 
Metrovick model 
was chosen for 
the vacuum sys- 
tem of the Har- 
well ZETA ther- 
monuclear = ap- 
paratus 





attained by conventional pumps with the 
same power consumption. 
Tick No 186 on reply card 


MINIATURE COMPUTER 
Wide applications 


Seen in public for the first time at this 
year’s Farnborough Air Show was the 
new Solartron type TY864 
small analogue computer. Designed to 
meet the needs of engineers and physi- 
cists, the computer forms a precise desk- 
side or laboratory tool selling at very 
reasonable price. 

The Minispace is completely self-con- 
tained and comprises ten drift-corrected 
d.c. amplifiers with all the necessary in- 
put and feedback components, potentio- 
meters, control and patching panels and 
power supplies. Non-linear elements are 
incorporated and expansion facilities are 
provided. The whole is contained in a 
cabinet 51 in. high, 20 in. wide and 30 
in. deep. The high stability power sup- 
plies, giving a total of 400 mA at 


Minis pace 





If required, two Solartron Minispace 

computers may be coupled together, 

thus making a 20-amplifier instal- 

lation which can be operated from 
from one panel 


300 V, are mounted below desk level. 

Each of the ten amplifiers may be used 
for summing, sign reversing, integration 
or the simulation of a transfer function 
over a wide range. Thus any problem re- 
quiring up to ten such operations may be 
solved or simulated, such as: two simul- 
taneous second or third order differential 
equations; one equation of the fourth or 
fifth order, network analysis, resonant 
circuits with variable damping; critical 
damping; servo systems with multiple 
loops, damping terms, end stops, etc.; 
coupled mass-spring-friction systems; vis- 
cous damping, and so forth. 

With addition of the Solartron servo 
multiplier TJ725, for which space is pro- 
vided, the Minispace may be used as a 
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multiplier, resolver, or non-linear func- 
tion generator for many more complex 
problems. 


Tick No 187 on reply card 


REACTOR ION CHAMBER 


Stands high temperatures 


ionization chambers, 
capable of operating efficiently at tem- 
peratures up to approximately 200°C, 
have been developed recently by Plessey 
Nucleonics Ltd. They are the PNI 1025 

a three-electrode ion chamber 


Iwo new reactor 


incor- 
porating gamma compensation, and the 
PNI 1026—a__ two-electrode 
Both detectors are designed for opera- 
tion under plant conditions, at the am- 
bient temperatures of the core or shield- 


version. 





Designed for minimum gamma sen- 
sitivity consistent with adequate 
neutron response the new Plessey 
ion chambers are intended for oper- 
ation in high reactor fluxes 


ing, for long periods without atten- 
tion. They have the minimum possible 
gamma sensitivity consistent with ade- 
quate neutron sensitivity and after 
operation at high neutron fluxes pro- 
vide the minimum possible 
from residual activities in 
tural materials. 

Major components of both detectors 
are of high purity aluminium. Internal 
insulators and electrode supports are of 
alumina and the vacuum lead-through 
seals are of the ceramic-to-metal 
ded type. This 
provides for 


current 
their struc- 


bon- 
form of construction 
rigid mounting of the 
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electrode assembly quite independent of 
the vacuum seals and cable termina- 
tions. The chambers have a substantial 
aluminium base plate which shrouds 
the vacuum seals and carries the cable 
terminations. The base plate contains 
wire inserts which pro- 
vide the chamber with substantial sup- 
port. Completed detectors, before filling, 
are tested to an internal pressure of 
100 psi. Neutron-sensitive coatings of 
either natural or enriched boron can be 
provided. The chambers are normally 
filled with hydrogen at pressures of 25, 
75, or 225 cm Hg, but alternative fill- 
ings can be supplied if required. 
Although the chamber can be operated 
at temperatures up to approximately 
200°C the precise upper limit depends 
on the lower limit of current to be 
measured and the filling pressure. 

Polythene insulated sealed termina- 
tions designed to take similarly insula- 
ted and sheathed cables are fitted for 
normal and moderate fluxes and tem- 
peratures. For use with four-core cables, 
polarizing supply provide 
tell-tale facilities on both live and 
earth Alternatively, two-core 
cable with braid return can be used. 
Tick No 188 on reply card 


PULSE GENERATOR 


for checking circuits 


stainless steel 


connectors 


leads. 


First shown at Geneva, on the stand 
of Dawe Instruments, was their new 
Type 412B pulse generator. This is a 


general purpose instrument having a 
wide recurrence frequency range from 
25 c/s. to 100 kc/s. with a pulse width 
continuously variable from 0-3 micro- 
second to 60 milliseconds. It may be 
used for checking the performance of 
linear amplifiers, scaling units and for 
setting discriminator bias levels. It will 
find wide application in the routine 
testing of pulse circuits of the type 
used in radar and radio chemistry. 


Tick No 188a on reply card 


With a wide choice of pulse widths 

and frequencies, the Dawe genera- 

tor is intended for testing pulse 
circuits of all kinds 
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IN BRIEF 
Air filter panel for protection of ¢.:c. 
tronic and electrical equipment is 
announced by Ozonair Engineering Co 
Ltd. Formed of a knitted wire mesh, 
evenly wound on a wire grid to vive 
uniform grading of the filtering medi:m, 
rectangular or circular panels may be 
supplied and used wet or dry. 

Tick No 189 on reply card 

Fusion-gas analyser Wild-Barfield F‘ec- 
tric Furnaces announce that the NR¢ 
Type 912 instrument, for determination 
of O., H: and N: in metals is now avail- 
able as a British-built unit. Demonstra- 
tions at Watford works by appointment. 
Tick No 190 on reply card 

High current 
and continuity 


neutral loop impedance 
tester is available from 
Meritus (Barnet) Ltd to test for all com- 
mon faults on electrical installations 
Current up to a maximum of 25 amp 
is injected into the circuit under test. 
Equipment is specially designed to pro- 
tect the user against shock when used 
on faulty installations. 

Tick No 191 on reply card 

Detel Products Ltd 
formulated a new _ thixotropic 
epoxy/pitch paint suitable for building 
up thick anti-corrosion coatings on per- 
manent structures, tanks etc. 

Tick No 192 on reply card 

Gas regulator New Recorde model from 
D. S. Baddeley Eng. Co introduces for 
the first time in UK, gas cylinder regu- 
lator with built-in pressure and contents 
gauge, safety valves and leakproof dia- 
phragm sealing valve. 

Tick No 193 on reply card 

Concrete hardening New  material— 
Emerytop—from J. H. Sankey & Son is 
claimed to give dust-free surface to con- 
crete flooring together with wear resist- 
ance to the heaviest industrial loads. 
Tick No 194 on reply card 

Mercury collector Goodburn Engineer- 
ing Co have produced a useful labora- 
tory gadget for picking up spilled mer- 
cury. 

Tick No 195 on reply card 

Graphite heat exchangers Union Carbide 
International announce three new sizes 
in their range of Karbate impervious 
graphite shell-and-tube heat exchangers. 
Shell sizes now range 6 to 45 in. dia. 
Tick No 196 on reply card 


Protective paints 
have 


Hard valve seatings Liquid metal valves 
by Palatine Tool and Engineering have 
plugs hard-faced with Stellite or com- 
plete plugs in precision-cast Stellite by 
Deloro Stellite Ltd. 

Tick No 197 on reply card 

Subminiature relay Only 1 in. high (in- 
cluding pins), Series 335 from Magnetic 
Devices is hermetically sealed, with 2- 
pole changeover and balanced armature. 
Tick No 198 on reply card 
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Cross Section 1, caaccsus 


THE DECISION of SENN (Societa 
Elettronucleare Nazionale) to opt for 
an American boiling water reactor 
plant for Progetto ENSI was, I think. 
not wholly unexpected, due to a series 
of inspired leaks before, during and 
since Geneva. British disappointment 
therefore has not been as acute as it 
might have been had the announce- 
ment come as a complete shock. 
Nevertheless the fact remains that in 
the first direct clash with Americans 
we have lost out and this must ulti- 
mately prove damaging. From an 
Italian Government point of view of 
course—and both SENN and AGIP 
Nucleare are largely Government 
owned—the choice does make sense. 
In the present state of knowledge 
nobody really knows with any degree 
of certainty what nuclear power will 
cost from a ‘commercial’ station of 
any design whatsoever and the Allar- 
dice Report on the SENN project given 
at Geneva showed pretty clearly that 
on unit costs there was really little 
to choose between GE’s boiler and 
the best British gas-cooled plant. Bear- 
ing in mind the fact the AGIP 
Nucleare and NPPC are building a 
gas-cooled station at Latina, it must 
have seemed perfectly reasonable to 
choose a boiler for Punta Fiume so 
that this question could be resolved 
once and for all—not by paperwork 
but by actual performance under local 
conditions. 


From the World Bank’s point of view 
the very much lower capital invest- 
ment in a Dresden-type station must 
have put it away ahead and I don't 
believe at all—as has been suggested 
in some quarters—that the decision 
was coloured by the large American 
stake in the IBRD. It was just a case 
of a poor country going for an external 
loan and trying to keep it as low as 
possible. 


This will always happen when coun- 
tries have to raise capital abroad for 
nuclear power stations. They will go 
for those that are cheapest to build in 
the first place because the size of the 
foreign debt is apt to be inversely pro- 
portional to the political popularity 
of the government. 


THIS YEAR’S annual report of the 


1958 


nationalized electricity undertaking is 
complicated by the fact that when the 
1957 Act came into force on Jan 1. 
the newly-constituted Electricity Coun- 
cil had only three months of opera- 
tions ahead of it before it had to pro- 
duce its results for the financial year. 
Nevertheless, despite the big organ- 
izational change involved, the statisti- 
cians have produced a document which 
does maintain continuity with the pre- 
vious set-up and it is possible to view 
Operations as a story of continued 
progress. 


Ten years is not a long time in the 
scheme of things but the record of 
the first decade of nationalized elec- 
tricity—it was vested under the 1947 
Act on April 1, 1948—is one that any 
commercial organization would be 
proud to own. The overall figures 
speak for themselves: in the decade 
since Vesting Day, units supplied in- 
creased by 122 pc but the average 
price received—now 1:°534 a unit— 
only rose 34 pc. Compared with the 
year 1937/8, the increase in price is 
only 44:3 pe and I cannot think of 
anything which has risen so little dur- 
ing the period—except of course the 
charge at a public convenience! Con- 
sidering the enormous rise in coal 
prices and construction costs in twenty 
years, this is no mean achievement, by 
any standards. 





Most of this progress has undoubtedly 
been due to the engineer and it is 
certain that in the first decade of 
nuclear power, now just beginning, it 
will be even swifter. The conventional 
power station of 1958 is not radically 
different from that of 1948—only big- 
ger and more efficient. Yet in the ten 
years, capital costs of construction 
have remained at exactly £50 per kilo- 
watt despite the 70 pc increase in 
materials prices and wages. One way 
this has been done is by nearly halving 
the volume of building per kilowatt 
installed and there is obviously a les- 
son here for the nuclear power station 
builders 


It has been said that the demand for 
electricity roughly doubles itself every 
ten years. At the present rate of growth 
it seems that eight years would be 
nearer the mark. 


ON THIS SUBJECT of costs, I was 


speaking the other day to Norman 
Hilbery, director of Argonne National 
Laboratory and he told me he very 
much admired the British power 
stations. ‘I'd have done just the same 
as you in your circumstances,’ he said. 
‘But my goodness they're big—they're 
ghastly big, he added. ‘Now if you 
could get some enrichment . . .” Ah 
well of course. But what are we doing 
about it? The aGr and the HTGR both 
need enrichment and while I expect 
we can produce our own for these 
experiments, everyone seems to assume 
we could not do it economically. Owing 
to security. no One can talk sense on 
this and I’m still waiting to be con- 
vinced that a diffusion plant with a 
maximum enrichment of perhaps 2 or 
3 pe 1s completely unrealistic, It would 
probably go against national pride but 
I think it’s about time we swallowed 
it and went to America for U-235— 
perhaps through the [AEA—assuming 
it is a fact that we can’t produce it 
ourselves. Whether of course we would 
get it—especially if it was for export 
reactors—is entirely another matter. 


MOST READERS, I'm sure, must have 


seen our large coloured drawings of 
the British power stations—we have 
done Berkeley, Bradwell, Chapelcross 
and Dounreay so far and thousands of 
extra copies have gone all over the 
world, David Rowse, the publisher of 
NUCLEAR POWER was showing me the 
other day some of these that had been 
laminated between transparent plastic 
and hardboard. They are completely 
immune to dirt, water, alcohol and 
various other forms of abuse and. 
mounted on multi-ply, make excellent 
small tables. They can also be hung on 
walls and need no frame. I understand 
that NUCLEAR POWER can supply these 
at quite a moderate cost and in fact 
have already done quite a lot. 


The firm that mount the drawings tell 
me they do a lot of blueprints in this 
way. In the workshop they only need 
a wipe with a grease solvent to make 
them like new and they are also very 
useful for outside work where they 
can be referred to in the pouring rain 
if necessary. 


On record 


No prices for UK material—either for 
the UK buying-in price for ore, or a 
precise selling price for natural ura- 
nium metal—have yet been published. 
J. A. Jukes (UKAEA)}—World Power 
Conference meeting in Monteral. 


The field of atomic energy in Great 
Britain, like the Ritz Hotel, is open 
to all. Mr C.J. Highton, Legal Adviser 
to the UKAEA. 
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An operative watches its growth as a 
silicon crystal is pulled in a_ special 
apparatus developed by Texas 


THE frequent references to transistors 
in the international symposium on 
nuclear electronics recently held in 
Paris (reviewed p 530) illustrate the 
acceptance they have won as circuit 
elements in the ten years since their 
introduction, But though the german- 
ium type is a well established and 
familiar component, relatively little 
data on operating experience of sili- 
con types is available. These were first 
produced commercially only four years 
ago, by Texas instruments Incorpora- 
ted in America, and NUCLEAR POWER 
took the opportunity of a recent visit 
to the English subsidiary in Bedford, 
which has now been in production 
for just over a year, to see how they 
are made there. 


Three processes used 

‘At the moment,’ says K. R. Sim- 
monds, the company’s’ marketing 
manager, ‘germanium transistors in 
use far outnumber silicon types. This 
is not the result of technical superior- 
ity, though germanium may have the 
edge on the matter of higher frequen- 
cies; the main drive at the moment 
is for higher powers at higher fre- 
quencies and here silicon is superior. 
Germanium transistors are not happy 
above 70°C and a little uncomfort- 
able even at that temperature, while 
silicon types can stand a junction 
temperature of 200°C or more. The 
major reason for the more widespread 
use of germanium is simply price, and 
factors in this are the early state of 
silicon transistor manufacturing tech- 
nology and the difficulty of purifying 
silicon.” It has much greater chemical 
reactivity and a higher melting point 
and the fairly simple zone melting 
technique used for germanium has to 
be abandoned for a more complicated 
distillation method. 
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PROGRESS IN INDUSTRY 


Making silicon transistors 


More and more nucleonic instruments ere 
being built round transistors, and silicor 
types are rapidly gaining favour. A new 
factory in Bedford is using special 
techniques which promise to bring 
down the price 


Unlike its American parent, which 
splits its production about equally 
between the two types (though it sup- 
plies about 80 pc of the silicon ones 
in use in the US), the Bedford com- 
pany is concentrating its resources at 
the moment entirely on silicon tran- 
sistors. ‘We think their price is going 
to keep falling as manufacturing tech- 
niques develop, Mr Simmonds said, 
‘and we are going all out to find new 
applications and new markets in 
industry.’ 

The factory's raw material is pure 
polycrystalline silicon, and the finished 
transistors are made by one of three 
processes: (a) grown junction (b) 
diffused junction and (c) grown- 
diffused junction. All three methods 
involve adding carefully calculated 
amounts of different impurities to pro- 
duce n- or p-type material and all 
result in n-p-n transistors, in which 
a layer of p-type forming the base is 
sandwiched between an emitter and 
collector of n-type. 


Crystal pulling 

In the grown-junction technique, 
which is used for small signal tran- 
sistors, a single carrot-shaped crystal 
is slowly grown by withdrawing a 
rotating seed crystal from molten n- 
type material which has been doped 
to give the desired collector resistivity. 
When roughly half the crystal has 
been pulled sufficient p-material is 
added to the melt to change its char- 
acteristics to those required for the 
base ; after an interval further n-type 
impurity is added so that the rest of 
the crystal has the desired emitter 
resistivity. Thus the final crystal below 
the seed consists of a horizontal layer 
of p-type in between the two n-types. 
It is sliced into rectangular bars with 
the base central and after chemical 
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etching they are ready for terminal 
connexions to the three regions. The 
leads are held in a base plate with 
metal-to-glass sealing to simplify con- 
nexion. Final protection is by means 
of a round Jetec metal can hermetic- 
ally sealed to the baseplate. 
Diffusion technique 

For the medium (4W) and high 
power (374W) transistors which the 
company has recently started making 
the diffusion technique is used; an n- 
type crystal is pulled and sliced hori- 





Mounted on a wax block, a silicon 
crystal has been sawn by an ultra- 
sonic Cavitron machine 


zontally into wafers 0-015 in. thick. 
These are heated in a furnace with 
gaseous n- and p-impurities and kept 
at about 1200°C while the impurities 
diffuse into the surface. The process 
may take anything up to 30 to 40 
hours and temperature and time have 
to be carefully controlled to give an 
accurate amount of penetration. 
Owing to the faster diffusion of p- 
material the wafers become coated 
with an inner p-layer and an outer 
n-layer, so that by lapping off the 
skin on one side of the wafer an n-p-n 
transistor is obtained with the main 
body—the collector—surmounted by 
thin skins forming the base and emit- 
ter. The problem of making connex- 
ion to the base skin in the middle 
is solved rather ingeniously by alloy- 
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Electrical connexion to the base re- 

gion of a grown junction transistor 

is made in an argon atmosphere 
Note silicon bars on bench 


ing an aluminium ring flat on to the 
outer emitter and allowing it to go 
right through the p-region as well. 
Though the ring then makes physical 
contact with all three layers, being 
a p-type metal itself it makes elec- 


trical contact only to the p-type layer, 
which becomes enlarged in the im- 
mediate vicinity of the ring. Soldering 
the wafer to a heat sink and electro- 
plating a circular contact on to the 
top surface giving connexions for the 
collector and emitter respectively is 
a relatively easy job. Characteristics 
of transistors made by the process 
are large collector dissipation and 
high cut off frequency, making it 
particularly suitable for power tran- 
sistors. 


Plentiful raw material 

The remaining method used at Bed- 
ford is a modification of the grown- 
junction technique developed by US 
Texas Instruments especially for sili- 
con types. After a collector region 
has been grown the n-type melt is 
doped simultaneously instead of suc- 
cessively with both n- and p-impuri- 
ties in such a proportion that the re- 
mainder of the crystal is still n-type 
and forms the emitter region. While 


Beryllium fabrication problems 


INTEREST IN BERYLLIUM at the 
Tube Investments Technological 
Centre at Walsall is focused on fabri- 
cation problems, Backed up by funda- 
mental research at the Hinxton Hall 
laboratories and tube-making facilities 
at several of the TI subsidiary com- 
panies, the work is aimed at develop- 
ing fabrication methods giving a pro- 
duct with properties and dimensional 
tolerances that can be guaranteed. 
Since beryllium is britth—or more 
accurately anisotropic—it is possible 
to get good properties in some direc- 
tions in a fabricated product at the 
expense of those in other directions. 
Also it has poor properties at ambient 
temperatures, and a strong tendency 
to intercrystalline failure at high tem- 
peratures—limiting the type of fabri- 
cation process that can be used. Thus 
the end product is particularly sensi- 
tive to the fabrication method and the 
object of TI’s work is to establish the 
optimum process. 

To this end a specially designed 
beryllium laboratory was put into ser- 
vice early this year at Walsall to ex- 
tend the scope of the research which 
had been going on for some two years 
previously and NUCLEAR POWER was 
recently invited to have a look at their 
work. Already extrusion techniques 
for a number of products have 
been established. Beryllium canning 
will be used for the AGR fuel elements 
and in tendering for the contract— 
actually awarded to JICI—Tube 
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development 


Investments produced a tube of 0:3 in. 
bore, 40 thou wall thickness and 2-3 ft 
long. Since then development work 
has gone further and tubes can be 
made both thinner and longer—down 
to 12 thou wall and lengths of 6 ft: 
examples of tubes, rod and wire are 


Samples of beryllium are 
as follows: tin. rod; 14 
lin.-bore tube; 3 X°450in. 
bore finned tube; ‘670 X 
*450in. bore tube; ‘700 o.d. 
<'012in. thick tube; jin. 
o.d.X 040in. thick tube; 
-070in. wire 


shown in figure 1. Good surface finish 
can be obtained without machining or 
grinding. 

The laboratory is a separate single 
storey building with a floor area of 
2250 sq ft. divided into four rooms: 
metallography, machining, extrusion, 
and general physical and powder 
metallurgy. Strict precautions in hand- 
ling the toxic metal have to be taken 
and the laboratory is planned to meet 
these. Basic requirements are an ade- 


the emitter is growing, however, the 
impurities diffuse back into the col- 
lector region and since the p-material 
diffuses more rapidly a narrow base 
region is produced. The advantage of 
this method, which is mainly used for 
electrodes and switching transistors, 
is that a much thinner base can be 
more accurately made than with the 
grown technique. 

Established only two years ago, the 
company is expanding rapidly. Recent 
additions brought the factory area up 
to 20,000 sq ft and it is hoped to 
start work on a new plant six times 
the size next March. Though they are 
not ruling out the possibility of manu- 
facturing germanium transistors in the 
future, they have the facts that silicon 
is the second most common element 
and germanium one of the scarcest, 
in the earth’s crust very much in 
mind. They are convinced that in the 
end transistors made from the more 
plentiful material will become _pre- 
dominant. 


work by Tube Investments 


quate ventilation system and enclosure 
of operations producing powder or 
swarf. 

Ventilation is effected by blowing 
fresh air into all the rooms through 
grilles and diffusers at an overall rate 
of 10,000 cu ft/min—this represents a 





complete air change about every 14 
minutes. Incoming air passes through 
two sets of Vokes filters and is 
heated by primary and secondary 
thermostatically controlled heater bat- 
teries: the primary heats it from 30 
to 45°F and the second to about 80°F. 
The extract system can deal with 
10,000 cu ft/min. and is fitted with 
twelve Vokes Absolute filters. Air is 
monitored continuously on discharge. 
Some 1500 cu ft/min is extracted 
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through the grilles and the remainder 
used for providing ventilation from 
the various pieces of equipment. For 
this purpose ducting is provided ail 
round the working rooms and eighteen 
connexions are available for coup! ng 
up the individual exhausts from 
machines and apparatus. 


Swarf collection 

In contrast to the practice in the 
GEC beryllium laboratory at Erith 
(NP May 1958, p 236), the Perspex 
working boxes containing machine 
tools are generally not completely en- 
closed—they are provided with work- 
ing apertures giving easy access to the 
Operations. Safety is ensured by 
arranging a high velocity air flow 
across any oOpening—in general the 
design flow is 300 linear ft/min, 
although in fact a figure of about 500 
has been achieved, In the case of the 
lathe and milling machine only the 
working head is protected and an air 
flow of 3500 linear ft/min is achieved 
by incorporating a booster fan in the 
extractor duct. A Mancuna multi- 
cyclone separator (NP January 1958 
p 30) pulls out the swarf as it is formed 
and collects it in two grades: coarse 
and fine. It is 100 pc efficient for par- 
ticles greater than 12 microns. Some 
operations such as sawing have to be 
performed wet although dry work is 
preferred on the whole 

For experimental extrusion a verti- 
cal hydraulic press with a maximum 
ram speed of 6 in./sec is installed, 
together with an electric furnace for 
heating the billets. Extrusion plant at 
the works of some of the other TI 
companies is also made available from 
time to time. 

Facilities for powder metallurgy in- 
clude an Andreasen’s pipette for par- 
ticle size determination, a 25-ton 
compacting press, a vacuum pressure- 
less sintering unit and a vacuum hot 
pressing unit. All sintering is experi- 
mental only—normally work begins 
with a sintered ingot bought from 


Discussion on boiling-water reactors 

Continued on page 553 
quickly find the fuel element which has 
failed. Now I also must say this that 
these haven't been actually tried out on 
a working reactor, but they will be and 
there’s quite a bit of effort going into 
developing these special diagnostic 
machines. Now in the nuclear super- 
heaters we are interested in—and my 
company in particular is working on it— 
this is not a certain thing at all. 
We have a reactor which is partly boiling 
water and partly gas cooled—that’s what 
it is—and the physics of it is tough, the 
materials situation is tough. For instance 
although we're happy and want to use 
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In machining beryllium at Walsall, only the saddle of the lathe is enclosed in 


perspex. 


Swarf is removed to the multi-cyclone separator on the left. The 


flexible hose hanging from the cyclone (centre) is used for mopping up operations 


Brush Beryllium of America. Now in 
the course of construction are three 
pressureless sintering units together 
connected to a set of dryboxes with 
interconnecting tunnels. By loose sin- 
tering the powder in graphite crucibles 
at | micron pressure and 1200°C for 
4-5 hours, densities of 96-98 pc have 
been obtained. Prior to sintering the 
powder is quality tested and loaded 
into the crucibles in a series of five 
interconnected glove boxes with a 
12 in. transport port at each end. From 
here it is taken to the furnaces by con- 
veyor belt. 


Ductility promise 

In the metallography room speci- 
mens are hand ground and polished 
automatically in glove boxes, Photo- 
micrographic work is carried out in 
the main laboratory although there is 
a bench microscope equipped for 
polarized light. A Hounsfield tenso- 
meter is also installed here. Above 
250°C good properties have been 
found with up to 50 pe elongation but 


zirconium in the boiling-water side of 
the reactor, we don’t want to use zirco- 
nium and superheated steam, so that gives 
us two kinds of fuel element. 


Gott: You've really got two reactors, 
haven't you? 

Zinn: Well, you've got two kinds of fuel 
element. My company has a scheme of 
developing what we call a spiked reac- 
tor, which is also a superheater in which 
fuel elements, part of their lives, act as 
spikes and part of their lives as super- 
heaters. 

Davidson: Your moderator is now steam? 
Zinn: No, we have to arrange it—this 
is the problem—we have to arrange it 


the difficulty lies in getting consistent 
behaviour at room temperatures. To 
date up to 10 pc elongation and 48 tsi 
have been obtained. 


Air sampling 

Continuous and efficient monitor- 
ing is vital in any laboratory handling 
beryllium (see the article on p 489 
of this issue). At the moment the 
standard portable Fleming-type mach- 
ines are being used at Walsall but 
a permanent mouth-height system is 
being installed round all the rooms. 
Generally the filter papers are ana 
lysed all together but about once a 
week they are treated individually to 
make sure no one area is exceeding the 
permissible level. The health physics 
group takes air samples and smear 
tests during experimental work to ana- 
lyse contamination arising from speci- 
fic operations. At the moment ana- 
lysis takes up to 24 hours to perform 
on a routine basis but results may be 
obtained more rapidly when specially 
required. 


so that we have some water as moderator 
where we have the steam coolihg, and 
this doesn’t seem to be too terribly diffi- 
cult because we don’t care whether the 
moderator boils a little bit, it’s all in 
the boiling reactor anyway. 

Gott: It’s a light water gas-cooled reac- 
tor, isn’t it, 

Zinn: Yes. It is. 

Davidson: The Russians were talking 
about one, weren't they? 

Zinn: Yes, they've done a very nice job 
of design. They haven't actually built it, 


and it will be of great interest to sec 
how that cycle of theirs works. 
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Selling Britain abroad 


The Central Office of Information, 
through the overseas posts of British 
Information Services, can do much to 
help British manufacturers with their ex- 
port campaigns said Mr E. C. R. Had- 
field. Overseas Controller, when wel- 
coming members of the Scientific Instru- 
ment Manufacturers Association of Great 
Britain who toured the Central Office of 
Information’s new headquarters in Her- 
cules Road, London S.E.1 on September 
23. ‘We cannot sell your goods for you, 
that is your job” he added, ‘but we 
can and do create a climate of opinion 
in sympathy with, and receptive to, pro- 
ducts from Britain. We are constantly 
seeking to influence people in favour of 
British goods, through articles, pictures, 
films, booklets and displays which em- 
phasize British achievements in design, 
workmanship or research. To maintain 
this service we need a steady flow of 
stories and pictures from industry—from 
firms such as yours, whether large or 
small.’ 


Furnace merger planned 


Birlec Ltd and Efco Ltd, two leading 
electric furnace manufacturers, announce 
that negotiations between them for the 
formation of a new company, to take 
over certain sections of their business, 
have reached an advanced stage. It is 
intended that the new company shall be 
called Birlec-Efco (Melting) Limited. and 
that its offices shall be near Birmingham. 
at Aldridge, Staffs. 

The intended scope of the company 
is the design and supply of all types of 
electric melting furnaces for the ferrous 
and non-ferrous metals industries, to- 
gether with smelting furnaces and induc- 
tion heating equipment. The personnel 
of the company will be drawn from the 
appropriate divisions of Birlec Ltd and 
Efco Ltd, thus combining in one organ- 
ization the specialist techniques and ex- 
tensive experience of both companies. 
The two firms will continue independ- 
ently to manufacture their respective heat 
treatment furnaces and other plant. 


Big vacuum pump order 

The Rochester Division of Consolidated 
Electrodynamics Corporation has _ re- 
ceived a $195,000 order from the Brook- 
haven National Laboratory for high- 
Vacuum pumps that will be used to eva- 


NUCLEAR POWER November 1958 


cuate the 30 GeV synchrotron which is 
nearing completion at Brookhaven’s 
nuclear research centre, Upton, Long 
Island, N.Y. The Brookhaven order 
comprises 48 CEC Evapor-ion pumps 
and 12 mechanical booster pumps in 
a system which will create a vacuum in 
the synchrotron’s half-mile-long, semi- 
circular vacuum chamber. CEC will 
supply an additional 20 Evapor-ion 
pumps for use in a linear acelerator 
which feeds 50-million-volt protons into 
a ring vacuum chamber. 

The Evapor-ion pump, a _ revolution- 
ary electronic device for producing high 
vacuum without the use of organic pump 
fluids, is manufactured by CEC’s 
Rochester Division under licence by the 
University of Wisconsin Alumini Re- 
search Foundation. Capable of creating 
a dry vacuum in the pressure range from 
10-* to 10° mm of mercury, it was 
selected for use in the Brookhaven syn- 
chrotron ‘ because it eliminates the pos- 
sibility of contamination of the vacuum 
chamber which could result from back- 
streaming vapours if oil or mercury dif- 
fusion pumps were used, a company 
spokesman said. 


Giant business computer 
A new high-speed computer, which 
when completed will be capable of scan- 
ning the entire information contained in 
the Encyclopaedia Britannica in less than 
four minutes, is now in an advanced stage 
of construction at the main Hayes factory 
of EMI Electronics Ltd. Known as the 
EMIDEC 2400, this new data processing 
system has been designed entirely around 
British transistors and other components. 
So great is its capacity and speed of 





processing that it will be capable of 
handling the clerical work of the largest 
organizations in this country. When com- 
pleted, the EMIDEC 2400, the develop- 
ment of which has been sponsored by the 
National Research Development Cor- 





Top at Whessoe 


Following a company regrouping at 
the Darlington works, R. F. Bishop 
becomes manager of Whessoe’s new 
Engineering Division which includes : 
storage vessels, pressure vessels, chem- 
ical engineering. Formerly head of 
Special Projects department, Bishop 
was closely associated with the Calder 
Hall reactor pressure vessels 





poration will be one of the most ad- 
vanced data processing systems in the 
world. The latest techniques are being 
used in its construction and the com- 
puter is being assembled in the form 
of plug-in circuit panels, for ease of 
maintenance. 

A number of standard processing units 


BRAIN IN THE MAKING Down at the Hayes factory of EMI Electronics, engineers 

work on assembly of the forty racks that will form the new EMIDEC 2400 com- 

puter. Designed mainly for commercial work, parts of the machine will be seen 
at the forthcoming Computer Exhibition in London 
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will be available, the set used in any 
given computer being determined by an 
analysis of the customer’s requirements. 
The new computer will supplement the 


range of EMI’s other EMIDEC series 


of data processing systems, several of 
which have already been ordered by 
large industrial organizations in_ this 
country. 


The multiplexing unit of the EM/IDEC 
2400, designed to ensure accurate data 
processing at exceptionally high speeds, 
will be among the exhibits on the stand 
of EMI Electronics Ltd at the Electronic 
Computer Exhibition which opens at 
Olympia on November 28. Another EMI 
exhibit at the exhibition will be a digital 
data processing system adapted for neu- 
tron spectrometer display. 


New computer for Harwell 
The European 
Associates Inc, announced recently from 
its Brussels headquarters that a large 
general purpose Tyne 231R PACE ana- 
logue computer had been sold to the 
UK Atomic Energy Research Establish- 
ment at Harwell. This machine (cost 
about £90,000) contains high accuracy 
(0-01 pc) linear and non-linear comput- 
ing components, modular patch panel 
and ADIOS system which allows the 
computer to be programmed by paper 
tape or electric typewriter. 

This is the 17th PACE analogue com- 
puting system to be sold in Western 
Europe since July 1957. The company 
maintains sales, service and training faci- 
lities at Brussels and in addition pro- 
vides rental service and consulting en- 
gineering advice on a large PACE com- 
puter installed there. 


Division of Electronic 


SLOW WORK Getting this 


Bradwell girders delivered 


One of the largest loads ever to be trans- 
ported by road in this country was a 
106-ton braced girder for the fuelling 
machine at Bradwell no 1 reactor. Fabri- 
cated at the Tipton, Staffs, works of 
J. S. Forster Ltd to the order of Strachan 





Nuclear plant fabrication 





A major expansion scheme is being 
undertaken by Head Wrightson at 
their Thornaby-on-Tees works to faci- 
litate manufacture. of nuclear and 
steelmaking plant using new  pro- 
cesses. This is the first bay of a new 
fabrication shop with a 100 ton lift 





& Henshaw Ltd of Bristol—the consti- 
tuent company of the Nuclear Power 
Plant Co responsible for fuelling services 
—it left on Oct 6 and took five days for 
the 200-mile journey. 

Two of these girders will be used to 
form a travelling gantry on which the 
400-ton fuelling machine runs on four 
two-wheel bogies. The gantry will weigh 
350 tons and will traverse the pile cap 
on eight two-wheel bogies. The combina- 
tion of gantry movement and fuelling 
machine traverse enables any of the fuel- 
ling channels to be reached, movements 


104-ft girder from Staffordshire to the Bradwell 


nuclear power station site in Essex took five days. The girder is one of two used 
to support the fuelling machine on the reactor loading face 
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being completely remote controlled. TI 
girder is 104 ft long, 12 ft deep an 
2 ft 6 in. wide and it was transporte 
on two trailers with tractors front an 
rear. 


° 
High Voltage host conference 

A three-day conference on _ partic! 
accelerators and their uses was held i 
Cambridge, Massachusetts on Oct 14-1¢ 
Sponsored by High Voltage Engineerin 
Corpn the proceedings included sessior 
on nuclear physics, radiation researc 
and electron’ processing. Among. th 
speakers was Dr Robert J. Van de Graa 
of MIT. High Voltage President, Denis 
M. Robinson presided at a banquet a 
which the guest speaker was W. B. Lewis 
of Atomic Energy of Canada Ltd. 

It was recently announced by Hig! 
Voltage that they had sold their fourth 
10 MeV tandem Van de Graaff machine 
This is to go to California Institute otf 
Technology under an Office of Naval 
Research contract. It will be installed in 
1960 at Caltech’s Kellogg Radiation 
Laboratory. First tandem is now being 
installed at Chalk River: second and 
third are for University of Wisconsin and 
Florida State University respectively 


Contactor's severe test 

An interesting test of electrical gear for 
use at a nuclear power station was car- 
ried out recently by A. Reyrolle & Co 
Ltd. The gear tested was a Klockner 
Moeller DIL 3 contactor which has a 
guaranteed life of three million opera- 
tions at a maximum specified rate of 30 
operations per minute, The Contactor 
was subjected to test at 77 operations 
per minute, and a total of 4,100,000 
operations were performed before mech- 
anical breakdown, when the contacts 
were still in a satisfactory state. The test 
was carried out at 1000 VA at 110 V at 
a power factor of 0-4. 


Unusual job for Harwell 
When a company’s programme includes 
work on behalf of the Atomic Energy 


Authority, it may be called upon to 
handle many unusual jobs, some of 
which by virtue of their specialized 


character are ‘one off’ and for which 
no previous data exists. An example was 
a test winding made recently by H. & 
E. Lintott Ltd, of Horsham, Sussex, one 
of the Ayling Industries Group of com- 
panies, for Harwell. Towards the end 
of 1957 the company was asked to 
undertake the manufacture of test wind- 
ings in connexion with the installation 
of the 7 GeV proton synchrotron at 
Harwell, the equipment being required 
for certain test procedures necessary in 
determining the magnetic flux in the 
laminated steel blocks which form the 
magnet proper. 
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he windings were to consist of an 
ninium conductor, 1-37 in. by -87 in. 
h a half-inch bore arranged in the 
form of 4 double layers or pancakes, 
h of 20 turns with a cross-over in 
centre. To facilitate handling, the 
npany first constructed special spools 
ch were supplied to the aluminium 
extruders, the length of material per ex- 
trusion being approximately 600 feet. As 
the size of the winding was approxi- 
mately 6 ft by 5 ft with an 18 in. off-set 
at one end and the weight per winding 
was around 28 cwt, it was also necessary 
to make special jigs and fixtures to sup- 
port the load involved and to enable the 
very close dimensional accuracy required 
to be maintained. 


Hard-facing in Italy 
The Italian firm of Cantieri del Tirreno 
recently received an order for a range of 
large gas turbines and Stellite was spe- 
cified for facing some of the rings be- 
cause it had already proved to be the 
answer to the heat problem involving 
temperature up to 600°C in use. 
Because of the difficulty of the facing 
operation and the fact that all faces had 
to be entirely free from defects a large 
amount of preparatory work was neces- 
sary. First, two technicians from Deloro 
Stellite Limited went to Italy to discuss 
methods with Cantieri del Tirreno and 
dovetail these into the plant available 





In the Italian works, a large stellited 
gas turbine ring is machined 


and suggest additional equipment to en- 
sure success. The Italian firm then 
equipped their works with a suitable 
automatic temperature controlled furnace 
and the necessary fixtures for the weld- 
ing Operation. Then with the help of 
the Italian agents, S.I. Alfred Herbert 
s.p.a., Milan, two hardfacing specialists 
went to Italy and organized a team with 
the Italian welders on the spot. During 
the stay of Deloro’s specialists Cantieri 
del Tirreno welders were trained for this 
particular form of welding in order to 
put them in a position to Stellite face 
these rings, which have become a regu- 
lar specialized production of this impor- 
tant Italian firm. 
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MAHOMET TO THE MOUNTAIN lust back from the Geneva exhibition, Ekco 

Electronics’ Sales Manager, E. B. Thompson (left) wishes a successful trip to 

Assistant Manager in charge of nucleonics, L. E. Taylor, as he sets out with a 

demonstration van on a tour through six European countries demonstrating the 
latest Ekco nucleonic gauging equipment 





In brief 


Constructors John Brown Mr R. C. 
Odams of ICI joins the board as engin- 
eering director on October 24. 

Gresham Transformers Ltd Firm an- 
nounce they can supply power distribu- 
tion transformers for pole mounting and 
sub-station installation off the shelf. 
Drake & Gorham Ltd have acquired 
new premises at 68 St Ann St, Salisbury 
(Tel: Salisbury 6544). Correspondence 
for the parent company should be sent 
to this address. 

Ottermill Switchgear Ltd have moved 
their London offices to 82 Victoria St, 
SW1 (Tel: Abbey 5095) 

Wild-Barfield Electric Furnaces Ltd of 
Watford have had their telephone num- 
ber changed to Watford 26091. 
Acheson Industries (Europe) Ltd have 
moved to new London offices at 1 Fins- 
bury Square, EC2 (Tel: Monarch 5811) 
British Insulated Callender’s Cables Ltd 
have moved their Worcester branch to 4 
Charles St (Tel: 2070). Manager is Mr 
H. Williams. 

B & K Laboratories have opened an 
International Instrumentation Centre at 
4 Tilney St, London, W1. 

DEUCE for Generating Board The 
Central Electricity Generating Board re- 
cently installed an English Electric 
DEUCE computer at the Chief Engineer's 
Department, Bankside, London. Costing 
£50,000 the computer is to be used for 
transmission system analysis. 

A visit from Tito At the recent Zagreb 
International Trade Fair, President Tito 
visited Kelvin Hughes’ mobile demon- 
stration unit. He was shown round by 
Bernard Soloway who led the KH team. 
In addition to Yugoslavia, the unit has 


visited Poland, Hungary, Czechoslovakia 
and Italy. 

Eutectic Welding Alloys Ltd of Feltham 
have started a new free consultative ser- 
vice to welding users in Britain. 
Fluorimeters International Cooperation 
Administration on behalf of the Union 
of Burma Applied Research Institute, 
Rangoon, have called for tenders for one 
transmission-type fluorimeter. Tender 
documents from Board of Trade, Lon- 
don. 

Repeat Order Wild-Barfield Electric Fur- 
naces have received an order from Well- 
worthy Ltd for another gas carburizing 
furnace operating on the ‘drip-feed’ 
principle. It will be used for hardening 
gudgeon joins. 

Superscaler Tracerlab’s new model 
SC-18B is now available. Can do preset 
counts and preset time simultaneously. 
Air conditioning Ozonair Engineering 
Co Ltd are now manufacturing Kno- 
Draft high-velocity valve attenuators and 
air diffusers under licence from the Con- 
nor Engineering Corp of Danbury Conn. 
Agreement also includes Dorex activated 
carbon filters. 

Solartron Group Offices of the German 
company—Solartron GmbH—are at 
Bayerstrasse 13, Munich (Tel: Munich 
595109) 

Tea up The Rootes Group supplied two 
Karrier 2-3 ton chassis for mobile can- 
teens for use on UKAEA sites. Bodies 
are by J. H. Jennings Ltd. 

Fore! Shoichi Yoshikawa of the Japanese 
Atomic Energy Institute has gone to 
Massachusetts Institute of Technology 
to study under a scholarship given by 
the International Golf Association. 
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Two New 


American Books 


x*x** 
PUBLISHED BY 
JOHN WILEY & SONS, INC. 
Conference on 


Extremely High 


Temperatures 
Edited by 
HEINZ FISCHER 
and 


LAWRENCE C. MANSUR 


Illustrated 








78s. net. 


Based on the Conference on 
Extremely High Temperatures held 
in Boston in March of this year, 
this book is a summary of the 
underlying basis for commercial or 
usable thermonuclear reactions.Em- 
phasis is on high temperatures as 
they relate to the propulsion fields, 
with rather less emphasis on the 
physics of the topics covered. 


x*x«* 


PUBLISHED BY 
REINHOLD PUBLISHING 
CORPORATION 


Effects of 
Radiation 


on Materials 
Edited by 
J. J. HARWOOD 
H. H. HAUSNER 
J. G. MORSE 
W. G. RAUCH 


84s. net. 











The changes that radiation pro- 
duces in metals, ceramics, plastics 
and a wide variety of other materials 
are thoroughly covered in the pap- 
ers comprising this volume. They 
were delivered by solid state physi- 
cists, metallurgists and chemical 
engineers at the radiation effects 
colloquium held at Johns Hopkins 
University last year, and they ana- 
lyse the results of these experts’ 
actual experiments with various 
materials. 


—_—_— 








Published in Great Britain by 


CHAPMAN & HALL 
37 Essex Street, London, W.C.2 
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Book Reviews 


Hotting it up 


Conference on Extremely High Tempera- 
tures Edited by Heinz Fischer and Law- 
rence C. Mansur. New York: John Wiley 
and Sons, Inc, 1958, 258 pp 78s 

Interest in very high temperatures has of 
course been greatly stimulated by the 
possibility that controlled thermonuclear 
reactions may one day become a useful 
source of power. Although the limelight 
of publicity has fallen mainly on the 
large national thermonuclear projects, it 
is important not to overlook the many 
other researches which are going on in 
the high temperature field. 

This book is a collection of twenty- 
two papers presented at a conference in 
Boston, Mass, last March, Since this was 
only just after the declassification of 
ZETA, and before the major releases of 
American thermonuclear work, there js 
no reference to the high temperature 
machines whose names are now famous. 
The papers come from laboratories not 
directly connected with the AEC pro- 
ject so the book cannot hope to give a 
complete picture of the state of high 
temperature research. It deals rather 
with a limited number of topics, each 
of which is of considerable interest in 
what might be called the lower range of 
the high temperature scale, that is up to 
about half a million degrees. 

The range of the topics is, however, 
very wide, They include steady arcs, ex- 
ploded wires, magnetically driven shock 
waves and methods of measuring plasma 
properties. A number of applications of 
plasma phenomena is suggested, with a 
bias towards problems of propulsion. At 
this early stage it might be thought 
highly optimistic to talk about thermo- 
nuclear rockets: on the other hand it may 
turn out to be a far-sighted look into 
the future. 

A. E, Robson 


Nucleonics in the classroom 


Radioactivity Measuring Instruments M. C. 
Nokes. London, 1958: Heinemann 76 pp 
Price 10s 6d 

Sir Christopher Hinton remarked in a 
recent speech that it was man’s inability 
to escape radiation dangers by personal 
effort which leads to the exaggerated and 
disproportionate fear of things nuclear 
that does at present exist. There is no 
doubt that much of this fear could be 
removed if there were a more wide- 
spread basic understanding of the nature 
of radiation and the obvious place to 
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start this is in the school, Such is the 
nature of the subject that no amount of 
lectures or reading can form a satisfactory 
substitute for the practical demonstration 
and Mr Nokes—who, before joining the 
Harwell Isotopes Division, was a senior 
science master at Harrow—sets out to 
show how this can be done without in- 
curring the wrath of the Governors or 
the Local Education Committee due to 
excessive cash demands for apparatus. 
Radioactivity Measurement Instruments 
is in fact a ‘ do-it-yourself * and shows 
how quite sophisticated counting equip- 
ment can be built at surprisingly little 
cost by an enterprising science master 
with the ability to read a circuit dia- 
gram and wield a soldering iron—not to 
mention a leaning for ‘ shopping-around. 
Mr Nokes’s aim is limited—the measure- 
ment with a reasonable degree of accur- 
acy of beta and gamma activity from 
low activity sources leading to demon- 
strations of distance and shielding effects 
For this his basic element is the modern 
halogen-quenched gm tube and he des- 
cribes several simple trigger circuits, 
power units, scalers and ratemeters to 
go with it. For example, there is the 
simple valveless ratemeter circuit which 
can be built for little more than the cost 
of a high current gm tube—or the simple 
dekatron scaler for about £20. At this 
very low price the book should find 
a good market in science teaching circles. 
W. Caldwell Davidson 





Ideas for handling 


Hot Laboratory Equipment 2nd Edn Com- 
piled by L. G. Stang Jr. Washington 25, 
DC, 1958: Superintendent of documents, 
US Government Printing Office. Price 
$2.50 

For some time now an invaluable ideas 
book has been the US Atomic Energy 
Commission’s hot laboratory catalogue 
or, to give it is correct title, Part II of 
Chemical Processing and Equipment 
(TID-5276). Since the earlier publication 
a great deal of material has been de- 
classified and of course there has accu- 
mulated a certain amount of new ideas, 
particularly in the field of power mani- 
pulators. 

This new edition will be warmly wel- 
comed by all workers in this field since it 
probably represents about the last word 
on the subject of hardware for radioac- 
tive materials handling. Short descriptions 
of 299 items are given on the following 
subjects: enclosures for radioactive 
operations; viewing equipment; manipu- 
lators; equipment for measuring :chemi- 
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ca! and physical properties; machine 
tools for working radioactive materials; 
chemical processing equipment; materials 
handling equipme.t; monitoring and de- 
contamination equipment; irradiation 
facilities; special protective clothing: 
shielding materials. All the items covered 
have been operated successfully and, as 


a rule, have general application. Most 
of them were developed by contracts of 
the AEC but a few originated commer- 


cially 


Safe practice 


Radiation Hazards and Protection D. E. 
Barnes and D. Taylor 178+ viii pp. London 
1958: Newnes Price 30s 

This book is complementary to Radio- 
isotope Laboratory Techniques (Faires 
and Parks) issued by the same publishers 
(reviewed NP, June 1958, p 293). While 
the latter dealt with the techniques and 
the good housekeeping aspects of safe 
handling of radioactive substances, the 
former concerns itself primarily with 
the instrumentation and measurements 
necessary for radiation control. Some 
degree of overlap was inevitable, so that 
each book could be complete in itself, 
but in fact the extent is less than might 
be expected. Together, these two books 
provide a nearly complete code of prac- 
tice for the safe use of radioactive 
materials and radiating devices, such as 
X-ray equipment, accelerators etc. 

It is, perhaps, surprising that an ade- 
quate coverage of these topics in book 
form has only just become available. 
Undoubtedly, there is an urgent need for 
a convenient guide to safe practice in 
this important field. 

It is a pity perhaps that the book was 
not extended to cover all the interest and 
needs of the biological user but a more 
extensive literature on the _ subject 
already exists in the biological field. 
More important, it would have been 
valuable to have included a short chap- 
ter on the administrative aspects of 
radiation protection. A guide to the 
maximum permissible concentration for 
a wider range of isotopes will also soon 
be necessary. The book will warrant a 
place in the library of every organiza- 
tion using radioactive substances. 


The German approach 


Einfihrung in die Messetechnik der 
Kernstrahlung und die Anwendung der 
Radioisotope H. Fassbender 223+xi pp. 
Stuttgart 1958: Georg Thieme Verlag 
Price, DM 37-50 

Very well produced and profusely illus- 
trated this book provides an introduc- 
tion to the measurement and application 
of radioactive isotopes. It is divided into 
four principal sections dealing respec- 
tively with an introduction to nuclear 
processes, the measurement of the radia- 
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Radioactivity 
Measuring 
Instruments 


M.C. NOKES 
M.¢., BMA, BSc. 
of the Isotopes Division 
A.E.R.E. Harwell 


Mr. Nokes gives detailed instruc- 
tions for making a number of the 
simpler radioactivity measuring 
instruments, with some idea of the 
cost. The components required are 
now easily obtainable, and very 
little power is necessary, so that 
many of the instruments can be 
made fully portable. The require- 
ments for success are an element- 
ary knowledge of electricity and an 
ordinary measure of manual 
dexterity. 


Illustrated 10s. 6d. net. 


HEINEMANN 
99 GT. RUSSELL ST. W.C.1 








Nuclear Reactor 


Metallurgy 


W. D. WILKINSON & W. F. MURPHY 


Just published ; a study of the properties of 
metals in use as reactor fuels and as mod- 
erators. Includes liquid metals, alloys and 
use of ceramics. Fully described in our 
leaflet 28. 432 pp, 194 illus. 42s. 


Geneva 1958 


Four carefully edited, compact volumes 
containing the most important papers will 
be published under the general editorship 
of J. G. Beckerley and be known as the 


SECOND GENEVA SERIES ON THE 
PEACEFUL USES OF ATOMIC ENERGY 


Prices and dates to be announced later 


— 
. 


Nuclear Fission 
W. P. ALLIS, M.I.T. 


2. Nuclear Power Reactor Physics 
DOAN & HANSON, Philips Petroleum Co. 


3. Nuclear Fuel Processing 
F. T. MILES, Brookhaven Nat. Laboratory 


4. Nuclear Power Reactors 
PICKARD, WARREN, LOWE & McLAIN: 
Pickard - Warren- Lowe Assoc. & Argonne. 


VAN NOSTRAND 


publishers of the 
Sourcebook on Atomic Energy 
358 KENSINGTON HIGH ST * LONDON « W14 
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BOOK 
SERVICE 


All the books reviewed in Nuclear 
Power, and all other scientific 
and technical books and period- 
icals from all over the world may 


be obtained from :— 


BLACKWELL’S 


BROAD STREET 
OXFORD 


Catalogues sent regularly 
on request 
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NEW BOOKS 


on Atomic and Nuclear Physics 


(General, Advanced and 
Applied) Supplied from 
stock. Foreign books not 
in stock obtained to order. 
Catalogues on request. 


SECOND-HAND 
BOOKS 


A constantly changing large 
stock of Scientific and Tech- 
nical Literature on view, 
classified under subjects. 





LENDING LIBRARY 
Technical and Scientific 


Annual Subscription from 
£1 .17.6. Bi-monthly list 
of New Books and New 
Editions sent post free to 
all subscribers on request. 
Prospectus post free on 
application. 





H. K. LEWIS & CO. LTD 
136 Gower St., W.C.1. EUS 4282 
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tions, the applications of radiation and 
radioactive isotopes and radiation pro- 
tection. The treatment is brief and in 
the third of these sections barely suffices 
to give a clear conception of the prin- 
ciples of some important applications. 
From the point of view of the English 
reader the most interesting features are 
the details and illustrations of a wide 
range of German instruments now avail- 
able for nuclear measurements. In most 
cases the illustrations are of the products 
of the Freiseke and MHoepfner Co. 
Almost all these instruments, however, 
are the equivalents of types in common 
use in this country and more recent de- 
velopments such as modern pulse ana- 
lysers receive only cursory mention. One 
noticeable exd¢eption is an optical gamma 
dosimeter depending on the estimation 
of the brightness of a fluorescent screen 
exposed to the radiation and attached 
to one eye-piece of a pair of goggles. 
However, since the instrument operates 
in the range 0°3-50 r/hour and the adap- 
tation of the eye for measurement re- 
quires 8-10 minutes it seems unlikely 
that such a device would find favour 
with health physicists in this country. 
The book conveys a well balanced 
overall picture of the scope and potenti- 
alities of radiation and radioactive sub- 
stances with particular emphasis on the 
instrumentation required. 
A. G. Maddock 
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an elementary course 
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HEAT 


By W. HRYNIZAK, D.Sc., Dip. Ing. 
C. A. Parsons & Co., Ltd. 


This book is not concerned with the process 
of heat transfer itself, but with the apparatus 
performing this transfer and the best way of 
designing and fitting it into a gas turbine so as 
to obtain, depending on its applications an 
economical unit. It is felt that the manner in 
which the thermodynamical optimization of 
the gas turbine air preheater has been treated, 
will be of particular interest in connection with 
supercritical steam cycles and nuclear power 
applications. 

The book will supply an authoritative and 
long felt need to the engineer and will not be 
without interest to the physicist who is more 
and more becoming involved in direct appli- 
cations of thermodynamics. Price 63s. 


Butterworths 
Scientific Publications 


4 & 5 Bell Yard 
London, W.C.2 


PHYSICS 


by JAMES F. HILL B.Sc. principal, Reactor School A.E.R.E. Harwell 


In response to widespread demands, we 
have reprinted the course in basic reactor 
physics which was specially written for 
NUCLEAR POWER and published in serial 
form during 1956 and 1967. The monograph 
has been revised by the author and forms an 


excellent introduction. (64 pp. in stiff boards. ) 


Price: 


UK, 30s +18 3d 


or equivalent 
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hey said... 


points from papers, specches, conferences 





Those temperature coefficients 


An explanation of the positive tempera- 
ture coefficients encountered in Calder 
Hall type reactors was given recently by 
Sir John Cockcroft in a lecture to the 
Danish Society of Civil Engineers in 
Copenhagen, Sir John said that with a 
new charge the temperature coefficients 
in both fuel elements and moderator are 
both negative and the system is entirely 
self-stabilizing. As the irradiation of the 
fuel proceeds, however, the increasing 
quantity of plutonium present modifies 
the delayed temperature coefficient asso- 
ciated with the moderator temperature, 
making it increasingly positive, but the 
prompt coefficient of temperature re- 
mains negative. After an irradiation of 
about 400 MWd/te the moderator tem- 
perature coefficient is about +4.10-5 in 
K/degree centigrade. It is expected to 
reach a saturation level of about 15.10-5 
with very long irradiation. The overall 
effect of this limiting value of the tem- 
perature coefficient would be that small 
increases in power level could be doubled 
in a time of about two minutes if no 
control rod movement were made to cor- 
rect this. So after a thermal power level 
changes of 200 to 201 MW, the level 
would increase to 202 MW in two min- 
utes and to 204 MW in four minutes. 
These are very slow changes compared 
with the time in which the control rods 
could operate to correct the fluctuation. 

The rest of Sir John’s lecture gave a 
general review of the fusion and fission 
power situation as it was revealed at the 
Geneva conference. 


What should we cover ? 


About three quarters of the cost of any 
damage to other vessels and cargoes fol- 
lowing a reactor runaway after a col- 
lision would be covered by existing 
policy clauses and wording if under- 
writers accepted the risk of insuring a 
nuclear ship, pointed out A. B. Stewart 
of Lloyd’s recently. He was speaking on 
nuclear fission and marine insurance to 
the Council of the International Union 
of Marine Insurance at Salzburg. On 
the other hand, he said, with these exist- 
ing wordings damage to cargo on the 
insured vessel, loss of life and damage 
to harbours and land property would not 
be covered. Nor could there be any claim 
for liability to third parties on sea or 
land if there should be no collision, but 
“a reactor runaway. If this occurred the 
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cost of repairs and decontamination of 
the ship would not be recoverable, 
though if a runaway resulted in damage 
by fire, or the vessel sank the loss would 
be covered. 

Accidents to the reactor or the rest 
of the ship which would be covered by 
present policies, Mr Stewart stated, 
would include those resulting from: peril 
of the sea, explosions on board or else- 
where, bursting boilers or any latent de- 


A. B. STEWART 
Peril on the sea 


fect in the machinery or hull, loading, 
discharging or shifting cargo or fuel, and 
negligence of masters, cfficers, crew or 
pilots. The question which needed settl- 
ing was whether this list was to be left 
unaltered or whether damage following 
any reactor runaway, whatever the cause, 
should be covered. 


World convention needed 


The Bill passed by the US Congress 
last August which protected the builders 
and operators of the atomic merchant 
ship Savannah against third party claims 
to the tune of up to $MS500 for any one 
nuclear accident is only regarded as an 
interim measure, Richard Godwin, chief 
of the US Atomic Energy Commission's 
Maritime Reactors Branch, emphasized 
to the Council of the International Union 
of Marine Insurance at Salzburg recently. 
Traditional marine insurance is of the 





limited liability type, he went on, and 
it appears inadequate in the light of 
liability for radiation damage to external 
objects or persons which might arise in 
the event of a severe reactor accident. 
This, not coverage of the vessel itself, 
is the main problem, and it is highly 
desirable that work should be started 
soon on some realistic new concept of 
liability and limitation of liability to be 
applied to nuclear merchant shipping. 
At the present time the matter is in a 
confused state. The provisions of the 
Atomic Energy Act providing for a limi- 
tation of liability and the US Government 
indemnification are in some conflict with 
American admiralty provisions, Both the 
US doctrines are in conflict with British 
admiralty and land-port law, and if and 
when future conventions are ratified, 
additional conflicts are certain to appear. 
Thus the only adequate solution appears 
to be an international convention spe- 
cifically recognizing the unique features 
of nuclear ships. A convention of the 
major shipping nations of the world 
would establish a uniform standard so 
that operators of any nation would know 
what his rights and what his liabilities 
were throughout the shipping world. 
Until then the operator of a nuclear 
ship will in all probability be forced to 
look to his Government for cover 
against claims larger than he could 
afford. 


Savannah’s built-in cost 

Mr Godwin concluded by outlining 
his reasons for thinking that nuclear 
ships ‘ will be with us in relatively large 
numbers in the near future. In the first 
place, we have learned that the cost 
of building nuclear ships need not be 
prohibitive. Admittedly, the total first 
cost of the Savannah, excluding fuel, 
will be about 31 million dollars. And 
the propulsion machinery going into the 
ship costs approximately three and one 
half times that which would be required 
for conventional machinery of the same 
power rating. These figures appear to be 
extremely high, but let me point out 
that the plant is the first of its kind, and 
a large number of the components are 
newly designed. As an indication of 
rapidly falling costs, we believe that a 
propulsion plant for a second ship of 
the same power would cost only about 
60 per cent as much. This second reactor 
system is only in the design stage, but it 
looks very encouraging at this time.’ 

‘In the second place, we are still 
pioneering. For that reason, we have 
built a higher degree of flexibility into 
the ship than will in all probability be 
necessary for future vessels. We believe, 
however, that in this initial project the 
ship should be flexible and that we 
should be able to learn through its oper- 
ation what are the realistic second and 
third steps to be taken. Certainly we 


567 








know that the fuel in the second core 
loading will be greatly improved over the 
first. Based upon the work we have al- 
ready carried out, we now know that con- 
tainment and shielding in the Savannah 
can be made better that 
the control system can be greatly simpli- 
fied and that the waste handling and re- 
moval procedures can be improved.’ 
However, he said this latter matter must 
await international 

‘What will Already we 
can see a trend towards larger vessels 
with a greater installed nuclear power 
capacity than their conventional counter- 
parts. There will assuredly be a trend 
towards greater remote operation of the 
nuclear propulsion plant, improved 
and loading equipment, and 
greater integration of land-sea transporta- 
tion systems.” 


We also know 


agreement. 
come next? 


handling 


What a reactor involves 
The development of a reactor system up 
to and including the building of a pro- 


totype costs about £M20, J. A. Jukes, 
Economic Adviser of the UK Atomic 
Energy Authority, told the Swedish 


Academy of Engineering Sciences in 
Stockholm recently. Starting at the point 
where a system can be identified as one 
justifying detailed work he estimated 
costs at: feasibility study and zero energy 
experiments £MO0-5 to £M1, design study 
£MI to £MI1-S, reactor experiment £M3 
R & D and £M3 capital cost, and pro- 
totype £M6 R & D and £M7 capital 
cost. The time from starting serious work 
on a system to the commissioning of a 
competitive commercial 
‘easily’ be of the ten years, 
but the actual time would vary from 
system to system. For instance work on 
the prototype could overlap work on 
the reactor experiment in some cases, 
and in others the reactor experiment 
might be dispensed with. 


station could 


order of 


How it’s done in Britain 

Our knowledge of the probable fuel 
costs, he said, is necessarily 
tain than knowledge of 


less cer- 
capital costs. 
But in most cases and certainly in the 
case of the gas-cooled graphite-moder- 
ated reactor the contribution made by 
fuel to total electricity costs is fortun- 
ately much smaller. The reason for the 
uncertainty is related to the time it takes 
to get information on fuel performance. 
The most highly rated fuel elements in 
some types of reactor are expected to 
remain in it for three or four years. 
Moreover loading and bringing up to 
power will take months. The 
manufacturer of a complete charge of 
fuel elements on an efficient production 
line will take perhaps 6-12 months. Be- 
fore this production can start, the fuel 
element cans and other components have 
to be ordered and manufactured, other 


several 
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THE TIME IT TAKES 





irradiation 


J. A. Jukes’ bar charts show (above) the time scale for 


development of a new power reactor from the word go. Below is the situation for 
a new type of fuel element 


fabrication equipment obtained and the 
production line established. The total 
time from the beginning of manufacture 
of production-type fuel elements until 
they are tested to their expected per- 
formance will therefore take something 
like S years. If we are to have exact 
proof that the fuel elements we make 
for the commercial reactors are capable 
of their design performance, we would 
have to manufacture fuel elements for 
test five years before the production line 
starts up. In a rapidly developing tech- 
nology this type of proof is impossible. 
During the period of test many results 
will become available which will sug- 
gest improvements in the design and in 
the methods of manufacture. If advan- 
tage is to be taken of these the actual 
production fuel element is bound to be 
different from that tested. 

In these circumstances the procedure 
we adopt in Britain—and I do not think 
it is likely to be different with other 
types of reactor—Mr Jukes went on, is 
roughly as follows: The designs of the 
fuel elements are based primarily on 
detailed knowledge of the behaviour of 
the materials concerned both with re- 
gard to their performance under irra- 
diation and to their mechanical strength 
and their thermal properties. This in- 
formation is obtained by the irradiation 
of small samples in high flux test reac- 
tors and in production reactors, and 


many out-of-pile engineering experi- 
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ments. It is supplemented by detailed 
post-irradiation examination of a limited 
number of fuel elements from reactors 
such as Calder Hall. Some of these are 
left in for longer than normal; but to 
obtain irradiations with such fuel ele- 
ments comparable to those expected in 
the civil stations, it would be necessary 
to leave them in for 4-5 years. This 
would of course be too long for our 
purposes to help in designing the first 
charges for the civil stations. Neverthe- 
less considerable information can be ob- 
tained from the extrapolation of results 
cbtained from the examination of fuel 
elements subjected to a lower irradia- 
tion. It is also possible, by making spe- 
cial modifications to fuel elements, to 
increase their rating and so speed up 
tests. 


Circumstantial evidence 

All these processes are at present being 
carried out in Britain. They will con- 
tinue even after the first charges for the 
civil power stations have been produced. 
Although therefore it is fair to say that 
with these reactors, as indeed with any 
reactors, positive proof of the perform- 
ance of the fuel will not be available at 
the date of commissioning of the reac- 
tor. a great deal of evidence will be 
available. Moreover there is every ex- 
pectation that it will be possible to 
improve the performance progressively 
with each succeeding charge. 
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CHAPELCROSS 


ATOMIC POWER STATION 
TO BE LUBRICATED BY 








The U.K. Atomic Energy Authority leads the world in the industrial 


application of atomic energy. To lubricate their new Atomic 


Power Station at Chapelicross they have chosen the lubrication 
specialists—Wakefield-Dick. 


vm. 


Wakefield-Dick have also been commissioned by the Cc E.G 
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A MEMBER OF THE WORLD-WIDE WAKEFIELD CASTROL ORGANISATION 
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NAMES 


IN THE 


NEWS 


Mr R. J. Gresley, newly appointed chief 
engineer of the Gresham Transformer 
Group will be in charge of the recently 
formed power and distributor 
former division. 


trans- 


Mr H. E. Cooper has been appointed 
managing director of G. A. Harvey & 
Co (London) Ltd. 

Mr Richard Turner has been appointed 
a managing director of Johnson, Matthey 
& Co Ltd. 

Mr J. B. Jackson has been made divi- 
sional controller of the North Eastern 
Division of the CEGB. 

M. & W. Grazebrook Ltd have appointed 
Mr J. Trevor-Jones as sales director in 
succession to Mr A, C, Brooks who is 
retiring for reasons of health. 

George Kent Ltd announce the follow- 
ing changes in their board. Mr, T. P. W. 
Norris, former Vickers chief personnel 
officer has been made a deputy chairman 
of Kent’s, Mr W. A. Hartop has been 
appointed managing director and Mr 
W. Guy Ardley and Mr Leslie H. Kent 
will retire from the board. Mr R. E. 
Handford, deputy managing director re- 
liquishes his executive duties but remains 
on the board. 

Mr W. H. Sharland, a director of Powell 
Duffryn Ltd has been appointed deputy 
chairman. 

Metaducts Ltd announce the appoint- 
ment of Mr B. D. Bowman as technical 
sales manager. 

Commander H. Pasley-Tyler (Ret’d), at 
present joint general manager, has been 
appointed a director of Elliott Bros 
(London) Ltd. 


The Federation of British Industries have 
elected Mr William H. McFadzean, 
chairman and managing director of 
British Insulated Callender’s Cables Ltd, 
to be their deputy president. 

Mr R. B. Whalley has been appointed 
managing director of Inspection Services 
Ltd. 

Hedin Ltd have appointed Mr James 
Royce, the well-known furnace designer 
to their board, 

Mr Bruce M. Adkins has been made 
public relations and information officer 
to the European Nuclear Energy Agency, 
a department of OEEC. He was previ- 
ously publicity manager of Elliott-Auto- 
mation. Mr Adkins is 36. 

Mr R. W. Jelbart has been appointed 
sales manager of the thermostat division 
of R. B. Pullin. 

Dr R. L. G. Gilbert has joined the staff 
of Marconi Instruments’ Engineering 
Department at St. Albans. Dr Gilbert 


was a member of the team which 
developed the Cavendish Laboratory 
cyclotron. 

Murex Welding Processes Ltd have 


appointed Dr M. F. Jordan to be leader 
of the fundamental research section of 
their research department. 

Head of John Thompson’s research 
laboratories Mr S. H. Griffiths has been 
made a director of John Thompson 
(Wolverhampton) Ltd. 


OBITUARY 


Mr E. G. Pickering, a joint managing 
director of Johnson, Matthey & Co Ltd 
died on September 16 after a long illness. 
Mr F. A. Spence-Brown also a joint 
managing director of Johnson, Matthey 
& Co died suddenly on September 29. 
Sir Frederick Charles Yapp, a former 
director of many companies in the 
Vickers Group died on September 5 at 
the age of 78. 
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CATALOGUES 
AND | 
BULLETINS | 


Handy wall chart produced by Eutectic 
Welding Alloys Co Ltd shows under 
headings by base metals the best alloy 
for various type of work and joints. Per- 
formance data are given for each base 
metal and alloy. 

Tick No 199 on reply card 


Fission and Fusion is the title of an 
interesting article by the late Prof J. K. 
Robertson in the September issue of 
Solus Schall News. Items also include 
article on Gamma radiography of fillet 
welds. 

Tick No 200 on reply card 
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Economic method of dust exclusion by 
dust barrier material is made by Anti- 
Dust Services Ltd, Material is impreg- 
nated with non-drying adhesive. Price 
list/leaflet now available. 
Tick No 201 on reply card 


Method of heavy water manufacture 
developed by CJB is outlined in the 
Autumn 1958 edition of their house 


journal Panorama. 

Tick No 202 on reply card 

‘Products for nuclear engineering’ is 
the title of a new booklet from ICI, 
who make amongst other things, Inte- 
gron tubing, beryllium fuel cans, lead 
shielding. Data sheets for aluminium, 
beryllium, hafnium, magnesium, nio- 
bium, titanium, vanadium, zirconium are 
included. 

Tick No 203 on reply card 
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Two leaflets from Wallace & Tiernan 
Ltd describe a dissolved oxygen recorder 
and Merchen scale feeders, the latter is 
of the weight-belt type. 

Tick No 204 on reply card . 
American Annin Domotor control valve 
will be manufactured in this country by 
the Audley Engineering Co Ltd. New 
brochure supplied is plentifully illus- 
trated with diagrams, and tables of rat- 
ings. 

Tick No 205 on reply card 

ACEC (Ateliers de Constructions Elec- 
triques de Charleroi) who make electrical 
equipment for all industries have pro- 
duced a 100-page book with photogra- 
phic examples of their work, ranging 
from handling gear to complete nuclear 
power stations. 

Tick No 206 on reply card 
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* ENVIRONMENTAL TESTING — 


Every Texas device is subjected to 
thorough environmental testing before 


despatch. This includes storage at ee - 
- -65°C. and +150°C. as well as 
_ continued operation at 150°C. After - 
2 this, it is subjected to thorough drop wae 


and vibration testing. 


NEW 4 wAtr POWER TRANSISTOR 


HE NEW TEXAS medium power transistor with a collector dissipation of 

4 watts makes possible a high degree of miniaturisation of servo amplifiers. 
For example a pair in Class ‘ B’ push-pull operating from a 36 volt supply gives 
4 watts output, sufficient to drive a size 10 servo motor at full torque. 

Additional important features of these new devices are: a minimum alpha cut- 
off frequency of 4 Mc/s collector voltages of 60 for the 2S017 and 100 for the 2S018, 
and a maximum storage temperature of 200°C. 





ACTUAL 


Circuit design information on these and other Texas power transistors is provided SIZE 


in our Application Report on servo amplifier design. 











TEXAS INSTRUMENTS LIMITED 


Pioneers of Semiconductors 





DALLAS ROAD, BEDFORD. TEL: BEDFORD 68051 CABLES: TEXINLIM BEDFORD 
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NEW IDEAS 


nucleonic patents 


No fission product pressure 


lo prevent build-up of pressure inside 
a fuel element sheath due to release of 
gaseous fission products, Babcock & Wil- 
cox propose making the rods with inter- 
nal cavities suitably placed to avoid dis- 
turbing heat transfer. 
suggested: in one the uranium is in the 
short bars interlocking 
part-spherical ends and a coaxial bore 
giving communication with the sheath 
interface at the end of the bar and at 
the section joints. In the other a series 
of diametrical holes are made in the rod, 
angularly displaced to each other along 
the length of the bar. Contact between 
the fuel and sheath is thus interrupted 
only at the small areas of the orifice 
holes. 

800,397 Improvements in or relating to 
nuclear fuel elements Babcock & Wilcox 
Ltd Appn: Aug 26, 1955 Pubd: Aug 
27, 1958 


Iwo designs are 


form of with 


Granular fuel system 

Applicable in either heterogeneous or 
homogeneous reactors, this is a circula- 
tion system for granular fuel. Passage 
through the under gravity is 
simple enough—the problem lies in send- 


reactor 

















800,526 BLOWING THE FUEL ROUND 

| Reactor tube 4 Gas path 

2 Vibrating vessel 5 Inlet duct 

3 Vibrator 6 Discharge duct 
ing it up through the heat exchangers. 
RCN’s proposed apparatus is illustrated 
here. Fuel is discharged from the reactor 
tube | into the conical vessel 2 attached 
through a stem to a vibrator 3. Carrier 





gas entering through the duct 5 is fed 
up through the space 4, being preheated 
by contact with 2. flows over the top of 
the core and is forced to flow through the 
fluidized fuel before leaving through the 
exit conduit 6. Fluidization of the fuel 
is achieved by vertical vibration of the 
vessel 2 and circulating currents are set 
up. If the incoming gas has sufficient 
velocity it suspends the fuel and takes it 
through the discharge conduit. Rate oi 
transfer of the fuel can be controlled by 
the frequency and,or amplitude of the 
vibrator 

800,526 Process and apparatus for effect- 
ing nuclear fission reactions Stichting 


Reactor Centrum Nederland Appn: 
April 14, 1954 Pubd: Aug 27, 1958 


NRU fuel elements 


This one, from Atomic Energy of Canada 
Ltd, looks like the method of manu- 
facture of the Nru fuel elements. Using 
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800,470 CLADDING BY EXTRUSION 





1 Uranium bar 


3 Aluminium plug 
2 Sheath 


4 Arcuate portions 


a 300-ton vertical hydraulic extrusion 
press the fuel bars are clad with alumin- 
ium by direct extrusion. Previous nickel 
plating of the fuel, and possibly a copper 
flash as well, is found to improve the 
bonding and also prevents oxidization 
when heated in the press. When extru- 
sion begins a solid aluminium ribbon is 
first formed and as the leading edge of 
the fuel bar moves forward in the press 
the sheath is formed round it as a con- 
tinuation of the ribbon. A second solid 
ribbon at the rear end of the bar seals 
the sheath and continues to be formed 
until the arrival of the next element. 
Thus the operation may be repeated in- 
definitely to form a series of elements. 

800,470 Manufacture of clad fuel ele- 


ments Atomic Energy of Canada Ltd 
Appn: Jan 20, 1956 Pubd: Aug 27, 1958 


Slurry element for 600 C 


Designed for use at high temperature — 
600°C or even higher—this fuel elem. nt 
by Finniston comprises a mixture of 
finely divided fuel and liquid metal c n- 
tained in a narrow annular sheath. F tel 
may be Pu-239. natural or enriched u-a- 
nium, U-233, intermetallic compour ds 
of these with melting point below 700 C, 
or their chemical compounds stable up 
to 600°C. This may form either a settled 
slurry in the liquid metal when ihe 
volume ratio of fuel to metal would be 
about 66:34, or a suspension when -he 
fuel would amount up to 40 pc of the 
combined volume. Particle size should 
be 10 microns or less. The double-wal!ed 
container is corrosion resistant—stainless 
steel for example—with an annulus of 
1/16 to 1/10 inch. Coolant is metal, pre- 
ferably the same as in the element itself. 
Some control of the reactor may be ob- 
tained by drawing off the slurry. 





800,671 Improvements in or relating to 
fuel elements for nuclear reactors United 
Kingdom Atomic Energy Authority (in- 
ventor: H. M. Finniston) Appn: Oct 2, 
1953 Pubd: Aug 27, 1958 


In brief 


Another slurry fuel system is outlined in 
801,288, taken out by two Americans 
Up to 20 pc by volume of the fuel— 
natural or enriched uranium in the form 
of dioxide, nitride, silicide or carbide 
can be satisfactorily suspended in sodium 
or NaK. For optimum results, particle 
size should not exceed 5 microns, ob- 
tained by grinding in a ball mill for 
about 48 hours, using toluene as lubri- 
cant. 


Feature of the design for a concrete 
pressure vessel by GEC described in 
800,388 is the joints between the central 
annular section and the two end closures, 
to take up relative lateral movement. 
Constructed as dry joints during fabri- 
cation, they are formed of mild steel 
bars set in concrete. 


Use of magnesium or magnesium alloy 
to make good thermal contact between 
rod and sheath is the main feature of 
the fuel element described in 800,420. 
After evacuating the can with the fuel 
in place molten metal is forced into the 
space by a pressure impulse of an inert 
gas. Metal must be melted in an inert 
atmosphere — preferably argon — and 
enter the sheath through a narrow bore 
to allow exclusion of oxides or nitrides 
formed. Particularly applicable to en- 
riched U in s.s., also natural or slightly 
enriched fuel in zirconium, beryjlium or 
even aluminium, 








These abstracts ore made from British Patent Specifications with the permission of the Controller of Her Majesty's Stationery Office. 


Complete specifications can be obtained 


from the Patent Office (Sales Branch), 25 Southampton Street, London, W.C.2. 3/6 a copy (including postage, inland and abroad) 
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Complex high performance secondary 
surface heat exchanger 





Aluminium Flux Bath Brazing 
makes the impossible possible 


The tremendous advantages of aluminium dip brazing are at last 
readily available. The finest plant in the country is at your service. 

Dip brazing makes the impossible possible. Design inaccessible joints— 
as many as you wish. Use aluminium as thin as foil. Think in terms of 
very close tolerances. All these things you can do. And you can combine 
them in units so small, so light and so efficient that it would be impossible 
to make them by any other method. 

Designing for dip brazing need present no problems. We shall be 
happy to design for you, or if you prefer it, to discuss possibilities with 
you and then work to your design. 

If you would like to know more about what can be done by this pro- 
cess please contact us. We are specialists in all types of brazing and 
welding. 


Above: Fuel cooled oil cooler for high performance 
gas turbine engines. 


Below: Typical example of industrial heat exchanger. 


Delaney Gallay tro 


Specialists in heat exchange and heat insulation 





for the aircraft, automobile, and marine industries. 


Vulcan Works, Edgware Road, London, N.W.2. Telephone: GLAdstone 2201 
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FResearch Reports 


The following reports have been made available to the public by the United 
Kingdom Atomic Energy Authority. They may be borrowed or photocopies 
obtained from the Science Library, London, Department of Industrial and 
Forensic Science, Belfast, the Mitchell Library, Glasgow, and the Central 
Libraries at Acton, Birmingham, Bristol, Kingston-upon-Hult, Leeds, Liver- 
pool, Manchester, Newcastle-upon-Tyne and Sheffield. They are also deposited 
in the Copyright Libraries (i.e. British Museum; University Library, Cambridge; 
Radcliffe Science Library, Oxford; National Library of Scotland, Edinburgh; 
National Library of Wales, Aberystwyth) and in the Patent Office Library. 
Reports marked* may be purchased from Her Mujesty's Stationery Office. 


Reports are also available in the United States, from the USAEC depository 
libraries, a list of which will be found in NUCLEAR SCIENCE ABSTRACTS. 
Reports for sale may be purchased in the United States from: Sales Section, 
British Information Services, 30 Rockefeller Plaza, New York 20, N.Y 


AERE Harwell 


An isotope handling calculator (Mk 2). R. 
6pp) AERE I/R 1063 1s 9d* 


Some preliminary tests on bearing materials to operate under 
liquid sodium. Revised interim report, June 1954. D. F. Elliott, 
E. Holland, K, A. Tomblin. (April 1956. 41 pp) AERE R/R 
1891 7s* 


West. (June 1958. 


Chemical studies relating to the recovery of neptunium from 
the Windscale plant. E. Hesford, H. A. C. McKay. (Feb 1956. 
21 pp) AERE C/R 1893 3s* 


The co-precipitation of small amounts of plutonium on lan- 
thanum fluoride in the presence of uranium, G. N. Walton, 
E. Furby, V. Owen, (March 1957. 27 pp) AERE C/R 2388 4s* 
The spectrographic determination of magnesium in bismuth- 
uranium alloys. J. C. Cotterill. (June 1958. 9 pp) AERE C/R 
2456 Is 9d* 


The degradation of plasticised PVC compositions under high 


NOVEMBER DIARY 


ICE Institution of Civil Engineers. IMechE Institution of Mechanical Engineers 
IEE Institution of Electrical Engineers. IChemE Institution of Chemical 
Engineers. IP Institute of Physics. PS Physical Society. SCI Society of Chemical 
Industry, IM Institute of Metals. IMet Institution of Metallurgists. IMM 
Institution of Mining and Metallurgy, IPE Incorporated Plant Engineers, SIT 
Society of Instrument Technology. BrittRE British Institution of Radio 
Engineers. RSH Royal Society of Health, IR Institute of Refrigeration. 


TUESDAY 4 

MAIDSTONE IEE _ Operational experience at Calder Hall 
K. L. Stretch 7.00 at the Technical College 

TUESDAY I1 

MANCHESTER IPE Radio-isotopes in industry W. G. Bus- 
bridge 7.15 at the Engineers’ Club, Albert Sq 

WEDNESDAY 12 

NEWCASTLE BritIRE The use of transistors in communica- 
tion and control equipment E. Wolfendale 6.00 at The Institu- 
tion of Mining and Mechanical Engineers, Neville Hall, 
Westgate Rd 

THURSDAY 13 

LONDON IEE (with BNEC) Electrification of the UKAEA 
group factories J. W. Binns, W. J. Outram 5.30 at the Insti- 
tution 

NEWCASTLE IPE The gas turbine H.R. Beaton 7.00 Road- 
way House, Oxford St 

LONDON IMechE Discussion: Flow—the origin and nature 


of turbulence: boundary layer occurrences 6.00 at the Institu- 
tion 


FRIDAY 14 


LONDON IMechE Investigation of effects of cross flow with 
condensation of steam 7. Furman, H. Hampson 6.00 at the 
Institution 
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level gamma radiation. Interim report. H. Wells, 1, Williamso; 
(May 1958. 21 pp) AERE E/R 2518 3s. 6d* 


Exponential experiments for PIPPA Mk 1. G. 
(June 1958. 76 pp) AERE R/R 2602 15s* 


Improved analytical methods of separating lead. G. W. (¢ 
Milner, J. W. Edwards, A. Paddon. (July 1958. 7 pp) AER! 
C/R 2612 Is 9d* 


The analysis of thorium-indium alloys. G. W. C. Milner, J. Vs 
Edwards. (June 1958. 8 pp) AERE C/R 2613 Is 9d* 


Krypton and xenon adsorption isotherms on charcoal irrad 
ated with 1 MeV electrons. C. B. Amphlett, B. F. Greenfiel: 
(July 1958. 8 pp) AERE C/R 2632 


A. design of air ejector for use in radioactive laboratorie 
J. R. Catlin, L. D. G. Coward, (Nov 1952. 9 pp) AERI 
E/M 63 Is 9d* 


The measurement of the radioactivity of the cooling gas fror 
the Harwell pile. R. P. Crooks, H.J. Gale (1958. 15 pp) AERI 
HP/M 41 2s 6d* 


A list of United Kingdom Atomic Energy Research Establish 
ment unclassified memoranda and reports on controlled ther 
monuclear reactions. A bibliography. C. S. Sabel (June 1958 
7 pp) AERE Inf/Bib 117 1s 9d* 


Bevan et a 


Industrial Group 


The determination of mercury in atmosphere. (1958. 7 pp) 
IGO AM/CA 173 

The determination of mercury in human urine. (1958. 6 pp) 
IGO AM/CA 174 

A demountable vacuum-tight pipe coupling with facilities for 
remote operation, W. P. White. (1958. 21 pp) IGR TN/CA 886 
3s 6d* 

The modes of deformation leading to fracture of metals: a 
review of progress to January 1958. R. Doldon, R. F. Lumb 
(1958. 7 pp) IGR TN/C 919 

Nuclear propulsion for ships: information bibliography. 8 
Yates. (1958. 53 pp) IGRL IB/R 4s 6d* 


MONDAY 17 


CAMBRIDGE IEE The zeta reactor R. Carruthers 
the Technical College 


6.30 at 


WEDNESDAY 19 

LONDON SIT Symposium on analytical instrumentation de- 
veloped at Harwell D. J. Ferret, G. W. C. Milner, F. W. 
Cornish, H. Bisby 2.30-6.30 Manson House, Portland Place 


MONDAY 24 


DERBY IMechE Some aspects of reactor design for ship pro- 
pulsion J. S. Hollings 6.15 Rolls-Royce Welfare Hall 


TUESDAY 25 

LONDON SIT Digital data-recording for nuclear experiments 
R.C. M. Barnes 6.00 Manson House, Portland Place 
BRISTOL BritIRE Electronic transducers G. F. N. Knewstub 
7.00 School of Management Studies, Unity St 

BRADFORD IEE Discussion: Teaching of nuclear engineer- 
ing for power generation 6.30 Institute of Technology 


WEDNESDAY 26 

READING IMechE Vacuum techniques in the atomic energy 
industry H. Kronberger 7.30 Reading Technical College 
LONDON IMechE Possible nuclear reactor system for the 
propulsion of smaller ships A. N. Byford 6.30 at the Institu- 
tion 

RUGBY IEE Thermonuclear reactions S. Kaufman 
College of Technology and Arts 

FARNBOROUGH IEE Operational experience at Calder Hall 
K. L. Stretch 6.30 RAE Technical College 


6.30 at 


FRIDAY 28 


LONDON PS _ 1958 Rutherford lecture by Prof Neils Bohr 
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1389 (NS88) Reactor Period Meter 











1463 (NS93) Ratemeter 


1463 (NS93B) Fast Neutron Head 


Oo 


Ekco Electronics supplied and installed the 
complete nuclear instrumentation for reactors at Harwell, Dounrey 
and Sydney; the complete nuclear intrumentation for the new reactor at 
Riso, Denmark, will also be supplied by Ekco. In addition to these installations 
Ekco equipment has been incorporated in practically every reactor built to date. 
Typical instruments from the Ekco range of reactor equipment are illustrated. 


Please write for further information. 


EKCO 


ahead in reactor instrumentation 


EKCO ELECTRONICS LTD =. SOUTHEND-ON-SEA - ESSEX - Telephone: Soutrend 49491 
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Typical example of an Imhof standard 
electrical cubicle fitted with control 
gear. Rear view shows partly assem- 
bled equipment in position. Imhof 
electrical cubicles enhance and protect 
the equipment they house and add much 
to the pleasantness of the operator's 
surroundings. 


IMHOFS 


























standardised heavy-duty electrical cubicles 


Two versions 


one for controls. one for apparatus 


Reduce the cost of housing control gear or apparatus with Imhof 


standardised electrical cubicles. After intensive research into the needs 
of the electrical industry, Imhofs have designed these strong, attractive 
cubicles to an exacting specification which will meet most engineers’ 
requirements. Available in single or bayed-up multiple units, they are 
a worthy addition to the already famous Imhof standard range of 
racks and consoles. 


instrument cases, Fully descriptive literature on 


request : just phone, or write on your Company’s letterhead. 


ALFRED IMHOF LTD. Dept: ni! Ashley Works Cowley Mill Rd Uxbridge Middx: UX5-5567 
Export & London Showrooms: 112-116 New Oxford Street WC1: MUSeum 7878 


Two standard sizes /or each 


version 


Rigid, all-steel construction 


3-WAY ADJUSTABLE INTERNAL FRAMEWORKS [or 


mounting equipment. 


DOUBLE - SKINNED REAR DOORS fitted to both 
versions ... fully gasketed and mounted on robust 
lift-off hinges. Positive 3-point lever-type lock 
ensures safe sealing. Similar doors fitted to 
fronts of apparatus cubicles. Control cubicles 
have formed 10swg front panels. 


WIDE CHOICE OF FINISHES AND OPTIONAL 

EXTRAS Standard finishes: silver, light and dark 
grey hammertone, or high-gloss grey. Chrome- 
plated handles and hinges. 
to order. 


I'wo-colour finishes 
Front panels, with mimic diagrams, 
punched and drilled to individual requirements 
Internal strip lighting, including switches and 
wiring, also supplied. 


DENMARK. Tage Schouboe, Copenhagen N 
FINLAND Oy Scienta Ab, Helsinki 
HOLLAND J.Th. van Reijsen, Delft 

ITALY Prodel SPA, Milan 

NEW ZEALAND Imarex Ltd, Auckland C3 


IMHOFS AGENTS OVERSEAS 


AUSTRALIA Aladdin Industries (Pry) Ltd, Stanmore 
N.S. W. 


BELGIUM Rogelec, Ghent 
CANADA Measurement Engineering Ltd, Arnprior 
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NORWAY Birger Christensen, Oslo 
SWEDEN Elektronlund A8, Malmo C 
SWITZERLAND Walter Blum, Zurich 2/39 
U.S.A. Bud Radio Inc, Cleveland 3, Ohio 

BRIT. GUIANA British Caribbean 


Agencies Ltd, 
Georgetown, Demerara 
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plata aac on a 
s 


VOLTS. AMPS 
RECORDING 


: Models are available giving full- 
scale deflection on a 10” chart 
; for a wide range of current and 
t voltage inputs down to 50 
‘ microamps or 30 millivolts. 
Ne C0 p SMOKE DENSITY 


RECORDING 











with motor-driven pen Recording and Indicating models 
a@ees 


are available for direct operation 


* ” » from Smoke Density Detecting 
gives reliable and highly equipment of all makes, Fitted 


with alarm contacts for audible 


accurate recording at low cost or visual warning signals. 


There is no fragile, delicately balanced pen mechanism to cause 

difficulties and inaccuracies in the Fielden Servograph Recorder. 

In the patented Fielden system the only load on the measured 

source is a first grade moving coil meter made to BSS.89 

(error limit + 1% on a 34” scale). The pointer on this H RECORDING 

meter forms part of a capacity operated servo system P 

which imposes no load on the meter, yet gives a self-balancing Models with callivation suitable 
. 5 i for direct connection to all 

motor drive to the recording pen leading makes of pH meters. 

and indicating pointer. Available in laboratory or indus- 

trial cases, Industrial recorders 


can be supplied with or without 
indication and control, 











“ 

Hep u peer te ee Write for Leaflet No. 200 giving brief details 
on cator calibra: ir of your requirements. 

Smoke Density 

measurement. 
for 
oth CO RECORDING 
yust 
ock @ Single and 4-point models available. Another important measurement 


to @ Laboratory or industrial type cases. which is being fully recorded, 








cles indicated and_ controlled by 
@ Recording or Recording and Indicat- @ Standard inputs of 0-50 micro-amp, ‘* Servograph "’ to enable a wide 
ing. 0-1 mA, 0-30 mV DC, or to suit 
leading makes of pH, Smoke Den- range of industries to accurately 
@ 3-step electrical, proportional pneu- sity, COs or other measuring equip- assess their fuel burning effici- 
hal matic or 2-term pneumatic control ment, Other AC or DC inputs as ency. 
ar available on single point instruments required. 
me- if required, 
shes @ Accuracy + 1% on most ranges. 
@ Chart speeds of 1 revolution in 1, 
ims, 12 or 24 hours, or 7 days—or as @ Responds to approximately 0:1% 
‘nts required, change in input. 
and 
6 Also for level indication and 
recording, tachometers, etc. Level indication 
— control 
Micro-measurement 
Temperature indica- 
tion, recording, control 
' . , ‘ . — Pressure indication, 
FIELDEN ELECTRONICS LTD., WYTHENSHAW, MANCHESTER,ENG. Phone: Wythenshawe 3251 (4 lines) Grams : Humidity Manchester recording, control 
_td, ALSO AUSTRALIA, ITALY, CANADA AND U.S.A. Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES AND EDINBURGH 


Instruments for 


SG2 Textiles 
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Ultra High Voltages 
and 
Nuclear Equipment 





Light water moderated sub-critical reactors 
Portable pulsed neutron sources 
Accelerators for ions and electrons upto 1.4MeV ga 


High voltage equipment up to 1.4 MeV 


il hivolt itd 
miiecS Nive ; 
as 93 PRINCEDALE ROAD, W.11. Telephone: PARK 5073 


UA st 
, and TANAX ROAD, TRAFFORD PARK, MANCHESTER, 17. Telephone: Trafford Park 0700 ° oF” 
$e 


Z 









ROY / oe — 
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CAPACITY ... F iclear Power Station 
15 TONS Faiandtruction owe 


Lifted at 90 ft. radius a ore 
6 TONS | “in service at BERKELEY 


Lifted at 125 ft. radius 


Th. a BO aes ae 
JIB LENGTH er a 
127 ft. 6 ins. , eee 
RADIUS , 
125 ft. maximum 
Full Circle Coverage 


TOWER HEIGHT 
120 ft. 


or to requirements 


FIXED OR 
TRAVELLING 


Note small erection 
area 


The Butters 
Monotower 
Crane 


MADE IN A RANGE OF 
SIZES AND POWERS 


BUTTERS BROS. & CO. LTD., Macietian Street, GLASGOW, S.I | AND AT LONDON, BIRMINGHAM & NEWCASTLE 
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Positive Displacement Pumps 


—for all applications and requirements 


Weare specialists in high pressure positive displacement pumps of compact dimensions 
for handling liquids of varying viscosities and with other difficult characteristics. Pumps 


are also made in special materials for arduous duties. 


Multi-cylinder plunger pumps of new design for Triplex totally enclosed power pumps for various 
direct motor drive. Unit construction, from capacities and pressures 7s 6,000 p-S.1. 

ith General purpose pumps of simplex, duplex and 
six plungers with output 0.6 g.p.m. per ; t i : , : : 
| ee a S Sf triplex type in materials to suit a wide variety of 


plunger at 1,000 p.s.i. pressure. Ove rall dimen liquids. 
sions for five stage pump aayrs7 =X 135° xX 9 Special pumps designed to suit any individual 
high. Patents pending. Price ex-works only £10. requirement. 


If you have a pumping problem please contact us 


JOSEPH EVANS & SONS (WOLVERHAMPTON) LTD 


CULWELL WORKS, WOLVERHAMPTON LONDON OFFICE : Pulsometer House 
20/26 Lamb’s Conduit St, W.C.1 
Telephone: 20864/6 Telephone : HOLborn 1402 
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what’s 
behind it all? 


Behind the bright, reassuring face of a P. & G. 
pressure gauge is the intricate mechanism 
produced with skill and care by craftsmen 
whose infinite capacity for taking pains ensures 
complete dependability throughout years of 
‘active service’. The range of P. & G. pressure 
gauges includes many different types to suit 
most applications—vacuum, combined, altitude, 
electric contact, differential, critical, duplex 
diaphragm capsule, etc. 


Write for illustrated catalogue No. 87 





TUDOR WORKS - WINDMILL LANE 





thtthhhbhhh YU 


YL Viti. 
SM PG 25942 
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COLES’ 80 years of 

specialised experience 

in the production of 

Cranes has put them 

yee.rs ahead. Developed 

te serve Britain’s future 

needs, the new COLES \} ’ A 
Cranes are as modern a 


as your industry they | 
\ 
\\ 


s 


. 
1 


y ‘ 3 
Ak ey 
A eee | 
Le, 





serve. 


Send now for the latest Coles [ 
literature. q { 
‘Bb 


f 
rs 











£? 





Designed, manufactured and marketed by:— 
STEELS ENGINEERING PRODUCTS LIMITED, Sunderland, England. Jel: 56281 (10 lines) Grams: Steel, Sunderland. 


SALES AND SERVICE: Birmingham: 39 Thorp St., 5. Glasgow: 235 Bath St., C.2. 
London: 143 Sloane St., S.W.1. Manchester: 153 Oxford Rd., 13. Newcastle: Worswick Chambers, Worswick St., 1. 


COLES THE NAME THAT CARRIES WEIGHT 
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STEEL 
CASTINGS 


For internal Turbine Castings, Steam Chests, Valves, etc. in carbon and alloy 


steels up to 9 tons weight and to any specification. 


Pressu re Wo rk ON ADMIRALTY, WAR OFFICE, LLOYD’S and other LISTS 





THE ATLAS STEEL FOUNDRY & ENGINEERING COMPANY, LIMITED 


ATLAS STEEL WORKS: ARMADALE, WEST LOTHIAN, SCOTLAND 


Telegrams: ‘‘ ATLAS ARMADALE WEST LOTHIAN" Telephone No.: Armadale 323 


STEPHEN 


QUARTZ FIBRE 
POCKET DOSIMETERS 








Characterised by a very low natural leak, a high quality optical system and 
considerable mechanical strength, Stephen individual dosimeters are available 
in the ranges 0-0-2r, 0-0-5r, 0-5r, 0-5Or, 0-150r, and 0-500r. Other ranges can 
be supplied to order. All except the 0-2r range are “air wall” construction. 


STEPHEN 





Pocket-size transistor charging 
unit has ample capacity with full 
control for charging all British- 
made pocket dosimeters. Weight 
6 oz. (170 gms). 





R. A. STEPHEN & CO. LTD., 120-126 LAVENDER AVE., MITCHAM, SURREY 


FWSs 
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Spherical Surge Vessel (diameter 14 ft.) made 
from }” thick Kynal M/35/2 Aluminium Alloy 
of pressed segmental construction with dished 
top and bottom plates. The vessel is Argon 
Arc welded and vacuum tested. 


shaping the Future 


Skill doesn’t come easily. It has taken more than 12 years of close 
association with the development of Atomic Energy for Marstons to build 
up the specialized technical knowledge they possess in this field. 

Marston Excelsior, from the start, have been among the foremost 
suppliers of specialized equipment to the U.K.A.E.A.— plate type fuel 
elements for the research reactors Dido, Lido, and Dimple; gas coolers 
for Calder Hall, equipment of various kinds for ancillary plants. 

It is this past experience that is helping Marstons to shape the future 


with such precision. 


MARSTON EXCELSIOR LIMITED, Fordhouses, Wolverhampton 


(A subsidiary of Imperial Chemical Industries Limited) 





MAR. 233 
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FRACTIONAL TO 50 H.P. 


RED MOTORS WITH ELECTRO-MAGHETIC BRAKES 


GEARED MOTORS WORM GEARED MOTORS FLANGE MOUNTING GEARED MOTORS 
SPEED REDUCERS CONTRA - ROTATING G/BOXES SLO-REV GEARED MOTORS 
SPEED INCREASE G/ BOXES VARIABLE SPEED UN.TS 1/10 — 300 H.P. 


Electropower 33: | 


“~~” Gears Sed | 


























KINGSBURY WORKS, KINGSBURY ROAD, LONDON, N.W.9 - PHONE: COLINDALE 4621-3 GRAMS: LEKTROPOWA, HYDE, LONDON 
> * 3 * . . . . 
@® eee. e e : 
® a - . + 7 . . 
a 
e® @ . . ‘ a 
. Precision engineering 
ee @« = 
a - a . 7 . . 
eh. e . . . . ° 
+e ° e . . ° - m r ? : : The Cornercroft Organisation 
@® @© ee 8 @ . provides complete engineering 
@®eee ee is facilities for those whose needs 
aaa a atta ag pie are exacting . .. who require 
2 6 6 «© « ‘ ‘ the services of an organisation 
@®eeee# # * ° with rather more than the usual 
— P ad . ° i 7.9% in skill, experience and facilities . . . 
°. sd ® 
@® eee ° * e ° one which already serves the 
@®ee#ee*% * ° nuclear authorities and has for 
° e is e mt —— ee many years served the leading 
* + _ . . 
eeeee es motor and aircraft manufacturers. We 
ee e©« eee * ° are equipped to prcduce precision-made 
e quipp P 
e * m > |= 8 ‘ ° . a ° s : jigs, tools, prototype and experimental Our Tool Room - one of the finest in the 
ee * e ’ ° e a S = assemblies, sheet metal work, metal country - is equipped with many high- 
@®eeeee«* -# * . spinnings, special handling equipment ee tools such as these Swiss-buit 
e@eee ‘ . “ sett tail dena Genevoise jig-borers - to maintain our 
@eeeee-. P a ee high standard of accuracy. 
e ae your needs. 
* - . . 
* e o ° 
* 
e ° G hy , 
e of Yreups of Domeypparetes 
* ad Y 
e e e . a ie CORNERCROFT LIMITED 
* (The Cornercroft Group of Companies 
. a = ACE WORKS, COVENTRY 
te o . ° © NC272 TELEPHONE COVENTRY 4056! 
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ELECTROFEEDERS 


for highest pressures and temperatures 


meet every requirement of modern power station practice. 
They are inherently stable, unaffected by large temperature 
changes, in perfect hydraulic balance, and have effectively 
cooled glands. In design and construction, Weir Electrofeeders 
are based on unrivalled technical and practical experience. We 
specialize in boiler feeding and can advise on all power plant 


auxiliaries and type of pump most suitable. 


G&J. Weir Led. 


‘id CATHCART «= GLASGOW, S.4 


> 


; 


| FEED REGULATORS, FEED HEATERS, DE-AERATORS, 
y REGENERATIVE CONDENSERS, EVAPORATORS, ETC. 
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MEN OF MILLIONTHS 


The new problems of precision engineering born of nuclear 
research —the intractable metals, the unusual shapes, the exacting 
accuracy —are no novelty to us at Armstrong Whitworth. We 
have been solving these for years in aircraft and missile manu- 
facture, and one result of this is the unparalleled array of precision 
machine tools that you will find in our temperature controlled, 
dust-free machine shop. Highly competitive costs have also been 
made possible by new techniques we have evolved, and all these 


benefits will be gladly shared with you. May we solve your problem? 


FOR PRECISION MACHINING CONTACT :— 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD 


Baginton, Coventry. Telephone : Tol! Bar 2261 


\ MEMBER OF THE HAWKER SIDDELEY GROUP 





A Special Unit constructed by 
us for the U.K.A.E.A. 


We have had extensive experience in 
the manufacture of many 


engineering products such as 


FLOWMETERS + FUEL PUMPS 
JET CALIBRATING MACHINES 
FUEL FILTERS -: FLAP VALVES 








FLAME TRAPS - GAS INJECTORS 
FUEL PRESSURE REGULATORS 


Now added to this List is Equipment for the U.K.A.E.A. 


Enquiries to: 
Amal Ltd - Witton - Birmingham - Phone Birchfield 4571 (6 lines) 


4210 
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THROUGHOUT THE YEARS 


PRECISION ENGINEERS 
IN EVERY NEW DEVELOPMENT 
DESIGN 
TOOLING 

PROTOTYPES 
SMALL BATCHES 
SPECIAL MACHINES 


COMPLETE ASSEMBLIES 








KINGSTON INSTRUMENT GROUP 





THE KINGSTON INSTRUMENT CO. LTD. 
COX LANE, CHESSINGTON, 
SURREY. LOWER HOOK 1001 





GLENDAW ENGINEERING CO. LTD. 
ST. JAMES ROAD, SURBITON, 
SURREY. ELMBRIDGE 0066 





DOWNHAM ENGINEERING CO. LTD. 
PRIORY ROAD, DOWNHAM MARKET, 
NORFOLK. DOWNHAM MKT 2181 

















NUCLEAR POWER November 1958 


Tick No 86 on reply card for further details 


Davison offers FUELS IN 
TONNAGE QUANTITIES 





Davison Nuclear Reactor Materials Plant, Erwin, Tennessee. 


Shown above are a few samples of the more than 30 uranium and 
thorium products offered for sale by Davison from its Erwin plant. 
These include UO;, U;0Os, and UO: powder; uranyl nitrate and 
uranyl sulfate, crystals or solution; uranium metal in derby, ingot, 
or rod form; thorium nitrate, oxalate and oxide powder; thorium 
metal in powder, ingot, or rod form. 

Davison can supply these products from natural uranium and 
thorium and can also perform the conversion of enriched UF, to 
oxide or metal. 

This unique plant forms a vital link between producers of uranium 
and thorium concentrates and the ultimate users of fuels in various 
types of reactors, as well as between the Government owned gas 
diffusion plants and the private users of enriched uranium. The 
concentrates as received from industrial or AEC sources are not 
suited chemically or physically for reactor operation. Davison 
processes these materials so as to supply feed materials in exactly 
the form required by each fabricator or user. 

For your convenience Davison can also handle a variety of 
scrap recovery services. 

Whatever your needs in fuels may be, direct your inquiries for all 


quantities to Davison at Erwin, Tennessee. 
\ 


w.r.G RACE «co. 


DAVISON CHEMICAL DIVISION 
Erwin, Tennessee 





ATT 
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SINGLE-PHASE ELECTRO MAGNETIC 
INDUCTION PUMP 


This flat linear induction pump is suitable for almost any li 

metal or slurry compatible with the 18/8/1 stainless steel p 

duct. Some early models have been operating since their in 

duction in 1953 . . . without overhaul... 

The flexible pumping rate is controlled by a Variac transform 
Nominal bore is |”. Liquid metals up to 400 C can be hand 

with fan cooling this can rise to 600 C. The pump end fit 
can be supplied to specification, with flexible mounting 

expansion couplings. 





DISCHARGE - SUCTION PRESSURE 
LBS/S@. IN 


1s 
FLOW IN GALLONS/ MIN. 











PROOF OF PALATINE PRECISION...3 


This performance curve shows the pump operating with 
sodium potassium at 350 C., a circuit pressure of 30 p.s.i. and 
running at 210 volts. 

This pump is representative of a wide range of Palatine instru- 
ments; many more are produced and developed as prototypes 
for Britain’s largest engineering companies. Perhaps this skill 
could be of use to you... 


PALATINE TOOL & ENGINEERING CO. (SURBITON) LTD. 


64/76 BRIGHTON ROAD, SURBITON, SURREY, ENG. TELEPHONE: ELMBRIDGE 7261/3 


Scintillators in 5 forms 


Scintillators in five forms are now available from Nash and Thompson Ltd. 


CRYSTALS 


Anthracene, Stilbene, Diphenylacetylene, in discs and cylinders. 

PLASTICS 

N.11 and N.11-X-ray, high sensitivity, high transmission polyvinyl toluene based. 
LIQUIDS 


Ready made, sealed in glass containers to your specification, or as scintipaks. 


SCINTIPAKS 
Accurately mixed dry constituents sealed in polythene envelopes, ready for 
dissolving in a suitable solvent as required. 


POWDERS 
Scintillation purity chemicals for crystal growing experiments, and the 
manufacture of special scintillators. 


Write or telephone for full information to Nash and Thompson LIMITED 


OAKCROFT ROAD * CHESSINGTON * SURREY ENGLAND * ELMBRIDGE 5252 
WHG 'NT.64 
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Nuclear Power 


Ne . 


free enquiry service for... 





TECHNICAL LITERATURE 


To help you keep right up to date in design, planning or actual buying, 
NUCLEAR POWER has compiled this list of advertised products and services 
under broad group headings. Study the advertisements and then simply tick 
the items about which you would like further details. Then post this form 
back to us and we will take immediate action to see you receive the 
information you want. 


Carbon and Graphite 
| British Acheson Electrodes Ltd 
[}] Graviner Mfg Co Ltd 


Chemicals and —_ 

[) Grace & Co, R. 

C) Imperial Chemical Industries Ltd 
Nash & Thompson Ltd 


Construction, design and allied services 
| Bailey & Co Ltd, N. G. 
Electro-Hydraulics Ltd. 
Rawiplug Co Ltd, The 
[] Sankey-Sheldon Ltd (Unistrut div) 
[] Screw Machine Products Ltd 


Corrosion prevention 

0) #Bitulac Ltd (Paints div) 
{) British Paints Ltd A26 
Electric motors and gear units 


[] Electropower Gears Ltd 
() Klaxon Led 


A74 
A85 


Fans, ventilation and air conditioning equipment 


C1) Matthews & Yates Ltd A40 
[] Morris Ltd, oO. A85 


Filters 


[) Aerox Ltd A84 
L) Birfield Industries Ltd A35 
Doulton Industrial Porcelains Ltd A88 
Stream-Line Filters Ltd A42 
Vokes Ltd A45 


treatment, movement, control and storage 


Amal 7? 
povtag & Ltd. 

Erhar >. & 
Hopkinsons Ltd 

Howden & Co Ltd, James 
Lee, Howl & Co Ltd 
Worthington Simpson Ltd 


Industrial films, books, models and exhibitions 


Blackwells 

Butterworth’s Scientific Publications 
Chapman & Hall 

Control 

Energia Nucleare 

Heffers of Cambridge 

Heinemann 

Lewis & Co Ltd, H. K. 

Nuclear Power Year Book 
Nuclear Reactor Physics 

Suffolk Iron Foundry (1920) Ltd 
Turners Film Productions 

United Nations 

Van Nostrand 


565 
566 


OOOO! 


.) 


JO000 


4 
a 


oO 


Instrumentation and instrumentation components 


[) Bailey Meters & Controls Ltd A49 
[1 Ekco Electronics Ltd A65 


Electronic Associates Inc 
Evershed & Vignoles Ltd 
Fielden Electronics Ltd 
Inglis Knibb 
Imhof Ltd, Alfred 
Kent Ltd, George 
L ae Ltd, Claude 

netic Valve Co Ltd, The 

ullard Ltd (X-ray div) 
Pascal Engineering Co Ltd, The 
Payne & Griffiths Ltd 
Plessey Nucleonics Ltd 
Research & Control Instruments Ltd 
Screw Machine Products Lt 
Simmonds Ltd, L. 
Solartron Electronic “Group Ltd, The 
Stephen & Co Ltd, R. A, 
Stonebridge Electrical Co Ltd 
Texas Instruments Ltd 
Winston Electronics Ltd 


OO000 


+ 
all 


DOOODOOOOROoOOooeC 


Insulation 


C) Cape Asbestos Co Ltd, 
C] Darlington Insulation co ;* The 
[] Newalls Insulation Co Ltd 


3 
(C) Versil Ltd A30, A31 


Liquid treatment movement, control and storage 


Amal Ltd 

Boby & a av. William 

comms & Co Ltd 

British LaBour Pump Co Ltd 

Erhard, Johannes 

Evans & Sons 
Joseph 

Hopkinsons Ltd 

Howden & Co Ltd, _— 

Lee, Howl & Co L 

Madan & Co Ltd, ‘Sharles Ss. 

Palatine Tool Engineering 
(Surbiton) Ltd 

Pressure Control Ltd 

Worthington-Simpson Ltd 


(Wolverhampton ) 


OOO0O OOO0oO 


00 


Lubrication 


0) Wakefield-Dick Industrial Oils Led 


Mechanical handling 


() Butters Bros & Co Ltd 
CL} Morris Ltd, Herbert 
[) Steels Engineering Products Ltd 


Metals, fabrication, machining, machinery 
products 


Armstrong Whitworth Aircraft Led, Sir 
Atlas Steel Foundry & Engineering Co 


Bettles & Sons Ltd 
Birmetals Led 

Burnley Aircraft rogues Ltd 
Butterfield Led, W. 
Cornercroft Ltd 

Darwins Ltd 

Delaney Gallay Ltd 

Fielding & Platt Led 


DO00000 OO 





DO 





Firth-Derihon oe | Ltd, The 
Gardiner, Sons 

Hadfields Ltd 

Kingston Instrument Group 

Lake & Elliot 

Marston Excelsior Ltd 

Mitchell Engineering Co Ltd, The 
Screw Machine Products Ltd 
Skinningrove Iron Co Ltd 
Southborough | 

Stainless Steel Profile Cutters Ltd 
Thornborough & Son we Ltd 
Tubela Engineering Co L 

Watson & Co, Ltd, #4 

Wilmot Breeden Ltd 


DOOOOOOoooOooOooo 


Power station equipment 
—_ Industrial Engineering Co (Staffs) 


Premier Cooler & tgp Co Ltd 
Thos Firth & John Brown L 

Weir Ltd, G. 

Williams & James “(Engineers ) Ltd 


Reactor construction 


(1) A.E.I. John Thompson Nuclear Energy 
Co Ltd 


Reactor equipment 

(1) Ayling Nuclear Equipment Co 
Dowty Nucleonics Ltd 
Flight Refuelling Ltd 
General Electric Co Ltd, The 
Miles Hivolt Ltd 


Remote handling 
O) Ayling Nuclear Equipment Co 
LL) Electro-Hydraulics Ltd 
LC) Savage & Parsons Ltd Cover 
Shielding 
Jenkinson Ltd, W. G. Al 
Lead Development Assoc A84 
Pilkington Bros Ltd Al0d 


Tools 
(1 Gem Power Brushes Ltd 


Tubes, pipes, couplings and seals etc 
Accles & Pollock Ltd 
Klinger Ltd, Richard 
Lawrie Ltd, & T. 
Mollart Engineering  ¢ Co Ltd 
Power Auxiliaries Led 
Simplifix Couplings Ltd 
Steels Engnaering Installations Ltd 
Weston Co Ltd, Charles 


Welding and welding equipment 

[] Anglo-Swedish Electric Welding Co Ltd 

C) Burnley Aircraft Products Lt All 

4 Lincoln Electric Co Ltd AQ 
Murex Welding Processes Ltd A47 

[J Skinningrove iron Co Ltd A7 


please send me further information on the above items which I have ticked/or on the following editorial pages 554-556 
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Tuck im this end 


This service is designed to give you 
advice or fuller information on any 
subject, or service mentioned in this 
issue—whether in the editorial text 


or in an advertisement—free of 


charge 


Fold Here 


i TU fot(-+- 0 am lel i -1 a 


FREE ENQUIRY SERVICE 


and 


SUBSCRIPTION SERVICE 


‘ 
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paid by 
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| Business Reply Folder Licence WD 1823 | 





Nuclear Power, 
3 Percy Street, 
London, W1 


England 





No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 





Fold Here 





Fold Here Firs 


Do you see 
NUCLEAR POWER 


regularly ? 


Through your not seeing even one monthly 
issue you may have missed something really 
important in the constantly changing nuclear 
picture 

You can be sure of receiving Nuclear Power 
regularly every month by simply completing 


this coupon 


Please enter me as a subscriber to Nuclear Power for 
one year : 


United Kingdom a.2.8 

Other Countries Go.3.9 

USA and Canada $8.00 +50c postage 
starting with the 


0 and invoice me later 


O subscription enclosed 














2nd Edition 
now ready 


THE INDISPENSABLE 
REFERENCE BOOK 


Now in its 2nd edition the NUCLEAR 
POWER YEAR BOOK and BUYERS 
GUIDE is the only comprehensive publication 
of its kind in the world. Revised from cover to 
cover and greatly enlarged the 1958/9 edition is 
essential for :—management, designers, research 
workers. Contents include: 1500 British Please send me 1958/9 Nuclear Power Year Book 
companies and their nuclear products classified [] | enclose £2.12.0 + 2s. postage, £3.3.0 
under 770 heads; new review articles; information overseas 
on World’s atomic energy authorities; Who’s Who [_] Invoice me later 
in nuclear energy; technical data including all 
the known nuclides. NAME .......... . 


SEND FOR YOUR COPY NOW! ADDRESS ............. 


Rowse Muir Publications, 3 Percy Street, London, W.! 
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THe ELE(E)NTS 


OF EFFICIENT 
ANGULAR DRIVES 


UNIVERSAL 
BALL JOINTS 


Sturdy, reliable, compact 
@ A.R.B. approved . : a 
couplings of simple design, 
@ 92-98 % efficient 

N.P.L. certified 


manufactured from high-grade 
materials, and available with 
@ Used by leading engineering single or double joints 
companies in every 
industry 


in nine standard sizes. 


Also available in 
@ For shaft diameters }” to 13” stainless and other stecis. 
A.M. Gauge-Test 
House Authority 

No. 89755/31 


@ Dirt-excluding covers 
can be supplied. 





MOLLART ENGINEERING COMPANY LIMITED 
KINGSTON-BY-PASS SURBITON SURREY ~- TELEPHONE: ELMBRIDGE 0033-7 - TELEGRAMS: PRECISION SURBITON 


You can rely on FTI 


THE BEST WERE BROLSH IN THE woRLD | 


TRADE MARK 





Sce tunes ac your tocal tool wholesaler or write to 


GEM POWER BRUSHES LTD., EST. 1874 


GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.I0. Tel.: ELGar 7251 (5 lines) 
ROTARY POLISHING & LATHE BRUSH DIVISION. KINGSWOOD MANUFACTURING CO.. LTD. 
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Brtists in Carbon Sted 
astings 


® Alloy Steels 





® Stainless Steels 
® Heat Resisting Steels 


® Corrosion Resisting Steels 


All castings can be machined 
in our modern machine shops 





LAKE & ELLIOT, LTD - BRAINTREE - ESSEX 
Telephone: Braintree 1491 


VARIACS 
for S-M-O-O-T-H 
Voltage Control 


‘VARIAC’ is the original, continuously adjustable auto- 
transformer—and the only one having ‘DURATRAK’, a 
specially treated track surface. For varying the a-c voltage 
applied to any electrical, electronic, radar or communications 
equipment a ‘VARIAC’ offers considerable advantages over 
any other type of a-c control—it has longer life, absolute 
reliability, much increased overload capacity, resistance to 
accidental short-circuits and appreciably greater economy 
in maintenance. Voltages from zero to 17° above line are 
obtained by a 320° rotation of the shaft, which is equipped 
with an accurately calibrated direct-reading dial. Available 
in various sizes from 170 VA up to 25 kilowatts, including 
3-gang assemblies for 3-phase working, ‘VARIACS’ are 
competitively priced and, compared with the losses of resis- 
tive controls often save their initial cost within a year. 
Most “VARIACS” are now MUCH REDUCED IN 
PRICE: send for our new, profusely illustrated Catalogue 
424-UK/16, which gives complete information on the 
entire range. HUNDREDS of models—all available 
promptly — most EX STOCK. 





yok Sed Ra 


il d lk Ltd. Oldhall Street, Liverpool, 3, Lancs. Telephone: Central 3641 
ail e DONS Valley Works, Hoddesdon, Herts. Telephone : HODdesdon 3007-8-9 








CL3! 
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the first electronic 
computer exhibition 
—Olympia November 
28 to December 4 
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OMPUTER ISSUES 


A BRITISH PERISDICAL FROM 
ROWSE MUIR PUBLICATIONS 


CONTROL 


SYSTEMS + INSTRUMENTATION + DATA PROCESSING « ENGINEERING «+ APPLICATIONS 


The object and scope of the computer issues— 


The object of these issues will be to put computers into an economic and technical 
perspective for control and computer engineers and for management—what they can 
and cannot do—an analysis of the conditions under which they are economic—a 
description of the principles on which they work—a review of the computers 
commercially available. 


The November issue will contain— 


A stand by stand preview of all exhibitors, highlighting aspects of digital and analogue computers from leading 
new and important developments. authorities. These stress the use of the computer as a 
A special introductory article has been written by Dr data processing tool and for production control. 

M. V. Wilkes, an international authority on computers, A CONTROL survey in full colour of all available British 
president of the British Computer Society and one of digital and analogue computers giving essential technical 
CONTROL'S editorial consultants. data. This pull-out feature can be easily detached from 
Exclusive features have been commissioned on various the magazine as a special large reference sheet. 


The December issue will contain— 


A full report of the most important papers and discussions at the Computer Symposium 
held in conjunction with the exhibition and an analysis of the significance of new 
developments. 


LS ES ee ee Cee ce 


Please send me/us CONTROL 





for 12 months and I/we enclose 42/- 
PUBLISHED 


one single copy and I/we enclose 3/6 — 


Complete this 


please invoice me/us later nowse muir 


form and 


NAME PUBLICATIONS 





3 PERCY ST 


send to Control ADDRESS _ LONDON 
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For instance? 


Protection 


of 


personnel 





by 
LEAD BRICKS 
LEAD GLASS | 
and 
LEAD SHEET 





The Technical Personnel of The 
Lead Development Association 
are available at all times to 


assist in your problems 


LEAD DEVELOPMENT ASSOCIATION 
18 ADAM STREET, LONDON W.C.2 
TELEPHONE: 

TELFGRAMS: 


WHITEHALL 4176 
RAND, 


LEADEVEP, LONDON 
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CO2 for instance 








By the selection of a suitable grade from our range 
of porous ceramic media, Aerox Filter Units will 
effectively withhold all solid particles of a given 
micron size, down to sub micron sizes, and also 
remove the gross oil and moisture contamination 
which is often evident in compressed service lines. 
Their resistance to thermal change and chemical 
action make them especially suitable for the 
filtration of CO, gas. 

Find out more about the range of Aerox 

Filter Units. Please write for literature. 








FILTER UNITS 
AEROX LIMITED Leaders in a specialised field 


Ceramic Works, Hillington, Glasgow SW2 
Telephone: HALfway 4615/6 


Engineering Works, Crompton Way, Crawley, Sussex, 
Telephone: Crawley 25077 





As4 


that the men in this picture 
are showing how a game of 
marbles is started ? 

Do you know, too, that any- 
thing new in welding is sure 
to be found in “‘ SIF-TIPS ”’? 
You can make sure of receiv- 
ing the magazine regularly by 
filling in the coupon. 





NUCLEAR POWER November 





THE EDITOR, “ SIF-TIPS” 
SUFFOLK IRON FOUNDRY (1920 
LTD., STOWMARKET, SUFFOLK 


Please send regularly......copy/copies of 
** SIF-TIPS” 
EL: ecatanesisivecssaucesibadas 
ADDRESS 
NRP 4 


1958 
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d KLAXON 
INDUSTRIAL WARNING 
SIGNALS AND 
TRANSPORT EQUIPMENT 


Buxton certified Mine Signal Equipment. 
Audible Signals for factories, railway yards, 
power stations, transport, etc. Heavy Duty 
Windscreen Wipers, and Direction Indicator 
Flasher Units. 


FRACTIO KLAXON 
FRACTIONAL HORSE- 


POWER MOTORS 


From 1/2000 to 1 Horse-Power. Synchron- every time y 


ous. Commutator. Asynchronous Induction. 


GEARED UNITS 


Over 50 standard types. Output torques 
from zero to 2,500 lb. ins. Other types and 
performances designed for special requirements. 


IKLAXON LIMITED 


Manufacturing Electrical Engineers. Estab. 1909.} 
49 UPPER BROOK ST., LONDON, W.1 Tel. : Mayfair 9020 
= 
. WORKS—BIRMINGHAM. Tel.: Acocks Green 1654 





COOL, CLEAN AIR even in the most distressing climate 


B. O. MORRIS (HOLDINGS) LTD., ANNOUNCE that they are now producing Air Conditioning 
Equipment using the trade name of ‘AIR KING’. This is the most efficient, easiest to instal 
and most attractive air conditioning unit for Offices, Hotels, Hospitals, Schools, Laboratories 
—in fact everywhere that cool, clean air is essential. Beautifully styled and superbly made. 


Technical Agents are required in 
most territories throughout the World. 







AIR CONDITIONING UNIT 


B. O. MORRIS LTD., MORRISFLEX WORKS, 


BRITON ROAD, COVENTRY. ENGLAND. 
Tel: 53333 (PBX) 


Product of the Merrcafler Group 
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+o 
CUip MECHANICALLY LOCKED No. 3 Type 


le OPEN STEEL 


FLOORING 


ideal for factories, 
warehouses, refineries, 
gas works, fire escapes, 


etc. L, 
Supplied with handrails 4 
and standards if desired. 


Our technical staff will be pleased to assist you 


BETTLES & SONS LTD., ARCWEL FACTORY 
STAFFORD ROAD, FORDHOUSES, WOLVERHAMPTON 
Telephone: Fordhouses 2278-9 
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SOUTHBOROUGH 


DEVELOPMENT, PRODUCTION AND 
PRECISION ENGINEERS 








Specialists in sheet metal work 
and prefabrication to the Nuclear field 
STAINLESS STEEL 
MAGNESIUM 
NIMONIC ALLOYS 


etc. 
Argon-Arc, Gas and Electric Welding 
A.|.D. and A.R.B. approved 








SOUTHBOROUGH GROUP 
112-122 COOMBE LANE, LONDON, S.W.20 
TELEPHONE: WIMbledon 6311 
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PREMIER 


THE FIRST NAME AND LAST WORD IN 


COOLING TOWERS 


WE DESIGN THE PLANTS 
WE MANUFACTURE OUR OWN PRODUCTS 
WE ERECT THE PLANT 
WE GUARANTEE THE PERFORMANCE 


Our after sales service and advice are 
always at your disposal 
THE PREMIER COOLER AND ENGINEERING CO., LTD. 
Shalford, near Guildford, Surrey 





A36 
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ELMECO 


ELECTRO-MAGNETIC IMPULSE 


COUNTER 
with a NEW type Stepping Motor 






A new type of Electro-Magnetic Impulse 
Counter, manufactured by Messrs. Elmeco, 
A.G., of Zurich, is now available in this 
Country. This Counter fills.the gap between 
existing types of Electro-Magnetic Counter 
and the Electronic types; it can be supplied 
° g@ with Mechanical, Electro-Magnetic, oF 
combined Mechanical/Electro-Magnetic 
resetting devices. 
The ELMECO Counter has 5, 6 or 7 figures 
and is powered by a stepping motor from 
which the number drums are driven by 3 
unique type of plastic belt. The result is a silent 
machine capable of accurate counting at 4 
sustained rate of 30 Impulses per second; 
this can be increased to 50/60 impulses per 
second for limited periods, and the operating 
current is low. 


@ HIGHEST SELECTIVITY FOR IMPULSES @ LONGEST LIFE 
@ HIGHEST COUNTING RATE FOR CONTINUOUS OPERATION 
@ PRACTICALLY NOISELESS IN OPERATION @ ELASTIC DRIVE 
@ ACCOMPLISHED BY MOTOR DRIVE WITH PLASTIC BELT 


Write for particulars : 


INGLIS KNIBB & COMPANY, 
20-21 Tooks Court, Cwyrsitor Street, 
London, E.C.4. Tel.: Holborn 285! 
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Publishers: CISE 





Centro Informazioni 
Studi Esperienze 
Milano, via Serbelloni | 
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Sole Agents for Great Britain: 
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DALL’AGLIO 


Subscriptions : Nuclear Power, Rowse Muir Publications Ltd. 3 Percy St., London, W 1 


Advertising : Butlers’ Advertising Service Ltd. 22 St. Giles High St., London, WC 2 
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‘iluscrated is the twin cylinder model 
having a free air delivery of 50 c.f.m. 


NUCLEAR POWER November 


LS ORE ie GAMES. 


1958 


OIL FREE 
m COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The Wd) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 





WILLIAMS & JAMES iencinerrs) LIMITED 
GLOUCESTER - ENGLAND 


TELEPHONE GLOUCESTER 24021-2-3 TELEGRAMS & CABLES “COMPRESSOR GLOUCESTER 


W.J. 1995 
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POST OFFICE TYPE — 
3,000 and 600 RELAYS 





@ BATCH COUNTING 


Specialists in tropical and Services jungle finish. 1 @IMPULSE COUNTING 
Guaranteed to full A.I.D. and I.E.M.E. standards. SWISS \ @ RATE COUNTING 
Prompt Deliveries Prototypes within 48 hours. PRECISION MADE @ REMOTE COUNTING 
: Manufactured by i 
Post Office approved. All relays guaranteed made in our own works. Sasitak bum The SODECO range of impulse counters and impulsin; 
P.T.F.E. insulation now available. Compteurs de 1 units provide the basic components for automation of 
Genéve, Geneva, | counting, batching, positioning and other manufactur 
Switzerland ' ing processes. Let us advise you on your problems 











Manufacturers to H.M. Government Departments and leading Contractors f es 7 . 


THE STONEBRIDGE 
L. E. SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDX. _~ ELECTRICAL CO. LTD. 


; / 
, ean 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW | CO FRO \&6/ 6 Queen Anne's Gate London $.W.1 
\ eS L [ Telephone: TRAfaigar 1444 
t \ 
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Simply vibrating or shaking test | POROUS . For 
sieves by hand is not enough for 

an accurate sieve analysis of the . ¥. 

particle size range of a material. - 8 
Vibration alone tends to aggregate Lis bani 
rather than segregate particles, and , o” 

shaking test sieves by hand is wes a 

tedious and obviously inefficient. pet «. 

The Inclyno Test Sieve Shaker, with e ases 

a double movement that gyrates y 

and jolts the test material around ? 
the entire surface area of the mesh - 
of each test sieve, ensures perfect 


segregation of the various particle 
sizes in the shortest possible time. 





The Inclyno Test Sieve- Shaker is 


. 


an essential unit for all labora- , . 
tories and is standard equipment Do you know that Porous Ceramics are 
for sieve analyses in many govern- 
ment laboratories, nationalized in- today widely used for the cleaning of gases 
dustries and industry in general. 
Operated by fractional h.p. motor and supplied complete with automatic } and liquids ? Here is a material that may 
time switch covering test periods up to 60 minutes. Three models 
available for all sizes of standard test sieves. provide a simpler, more economical means — 


and prove to be more efficient. 


Write for Catalogue No. 10 to: 


DOULTON INDUSTRIAL 
TEST SIEVE SHAKER PORCELAINS LIMITED 


Write or telephone THE PASCALL ENGINEERING CO LTD Dept. NP, Royal Doulton Potteries, Wilnecote, Tamworth, Staffs 
Crawley 25166 for 
List IN 3211 GATWICK ROAD + CRAWLEY - SUSSEX | 
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ANGLO- 
SWEDISH &: 


ELECTRIC WELDING CO. LTD 


FOR FIRST CLASS WELDING 
UNDER THE! STRICTEST SUPERVISION 


We have ample facilities for handling top-grade welding repairs 
to boilers, castings, machine parts, etc.—with expert technicians for 
Fabrication work, Structural Steel work, Tank construction and 
Electric Stud Welding. Let us send you this descriptive colour brochure. 


For immediate service contact us NOW— 


ANGLO-SWEDISH ELECTRIC WELDING CO LTD 
WOOD WHARF « GREENWICH - LONDON SE 10 


Telephone: GREENWICH 2024-5 


NEWCASTLE « LIVERPOOL 
GLASGOW °-: LEITH * LONDON 


It’s New! HYDRAULIC POWER 
Q resis 621027 500 ps: 


psec from 5 = i 00 p.s.i. 


Weights from 50-81 Ibs. 











$$ $$ $$$_$____—____», 






® Reliable ® Negligible 
| maintenance 
P ® Compact 
ul a } Chistes tit @ Non-corrosive 
pot a ae ® No consumption of 
put : aol 
air when maintain- 
® Low initial cost ing static pressure 
for PRESSES . HYDRAULIC JACKS 
HYDRAULICALLY LOADED ROLLS ETC. 
Manufactured by the makers of the world famous ‘AIRHYDROPU MP’ 








Send for leaflet A.P.U.I complete with output graphs 


CGHARLES 3.MADAW & GO. LFD. 
Vortex Works . Atlantic Street . Altrincham . Cheshire 
Telephone: Altrincham 2702 (3 lines) 
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That’s a tough customer 





Industrial models are 
available as follows: 
INDUSTRIAL 4H 
Hand operated hydraulic. 
Capacity 2"—4”" pipe. 
INDUSTRIAL 4M 
Motorised hydraulic. 
Capacity 2”—4" pipe. 
FORMERS ARE 
AVAILABLE FOR 
PROGRESSIVELY 
BENDING 5 & 6 


This bending machine from the Tubela Industria! 
Series is strong enough for the hardest heavy-duty 
jobs, yet small enough to be transportable. Designed 
for cold and unloading bending of steam and gas, 
hydraulic, stainless steel, and some classes of pipes 
to B.S.S, 806, it produces a 90° bend in 5 minutes 
from start to finish (floor to floor). Open type 
bending frame for easier bending and handling of INCH NOMINAL 
flanged pipes. All models fitted with swivelling BORE TUBE. 


castors for easier shop handling 


TUBELA ENGINEERING COMPANY LIMITED 
FOWLER ROAD - HAINAULT - ILFORD - ESSEX 








Well known users include Oil 
Companies, Industrial Undertakings, 
Foreign Governments and the U.K 
Atomic Energy Authority. Write today 
tor details 


Tel: HAInault 4426-8 
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SCREW MACHINE PRODUCTS LTD. 


Wooburn Green, Nr. High Wycombe, Bucks. 
Telephone: Bourne End III 
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CENTRIFUGAL PUMPS 


MULTI-STAGE 
SPLIT-CASING 








FOR 
EASY 
MAINTENANCE 

















FIG. 4508M. 12 STAGES 





LEE, HOWL & CO., LTD. 
TIPTON, STAFFS. 


Will design Pumps for 
Special Duties 





LONDON OFFICE: 
375 REGENTS PARK ROAD, FINCHLEY, N.3 
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OVALOCK 


FLOORING 


















Where strength and the passage of 
maximum light & ventilation 
is required... 


+++ OVALOCK is the ideal flooring 


The design of **OVALOCK" ensures that 
loads, either concentrated or distribu 
ted, can be carried with an ample factor 
of safety, and what is more, it can be cut 
and worked around obstacles without losing 
any of these advantages. 

A positive non-slip surface is assured by 
the traverse members being just proud 
of the longitudinal members and the 
right angle construction thus formed 
makes dirt collection impossible. Over 
100,000 square feet of ‘‘ OVALOCK "’ floor 
ing has already been installed at the 
Portishead Generating Station 

The fully qualified druwing office staff at Gardiner 
of Bristol will be pleased to answer any questions 
on design and installation — prompt attention is 
assured and full details will be sent on request 


CLL 


GARDINER 


Gardiner, Sons & Co. Lid., Midland Works, Willway Street, St. Philip’s, Bristol 2, 
and 8 William IV Street, Strand, London W.C.2 
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for the really awkward job 


... when pipe-line systems 
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are so complicated that 
ordinary couplings are 
quite useless, call in 
Simplifix. We make 
non-standard fittings 
of all kinds, tailored to 
specific requirements. 
Our Service Department 
has had such a wide 
experience of 
individual problems 

in this field, 

that it can certainly 
solve yours. 
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FOR Thornborough 


roller shutters 





transport depots or bars garages or shop fronts... Thornborough roller shutters can be fitted to ony 
opening. They are available in steel, wood or aluminium, hand gear or electrically operated. 
Write for literature. E. 
THORNBOROUGH & SON (MANCHESTER) LTD 
St. Vincent St., Ancoats, Manchester4. Tel. COLlyhurst 2887 
London: Vale Works, Twickenham, Middx. Tel. Popesgrove 0797 
Representative for Northern Ireland 


OSWALD McMULLEN LTD., 6 Sussex Pl., Belfast. Tel: 29126 
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SIMPLIFIX COUPLINGS LTD., Hargrave Road,. 
Maidenhead, Berks. Tel: Maidenhead 5100 (10 lines) 
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PRESSURE 
CONTROL LTD 


CONTROL EQUIPMENT FOR 
FLUID POWER APPLICATIONS 
REDUCTION VALVES 

STOP VALVES 
CHECK VALVES 

RELIEF VALVES 


GAS REGULATORS FOR CYLINDER 
GASES 


WELDING AND CUTTING 
EQUIPMENT 


TORCHES, NOZZLES, ALL 
TYPES REGULATORS, SINGLE 
AND MULTI-STAGE 


SUPPLIERS TO MINISTRY OF SUPPLY 


PRESSURE CONTROL LTD. 


DAVIS ROAD, TOLWORTH, SURREY 
Elmbridge 7460 


Ag! 








CLASSIFIED 








MATHEMATICAL/ 
PHYSICIST 

Plessey Nucleonics Limited 
have a vacancy for a MATHE- 
MATICAL / PHYSICIST to 
analyse problems concerning 
the control and operation of 
nuclear reactors. The successful 
applicant should have a degree 
in physics or mathematics, and 
an absorbing interest in the 
application of mathematical 
methods to a variety of prob- 
lems as, for example, informa- 
tion theory and statistics, diffu- 
sion theory, shielding calcula- 
tions, functions of a complex 
variable or servo-analysis. 
This post offers considerable 
scope for original work for 
which a generous salary is en- 
visaged, depending upon quali- 
fications and experience. Please 
send full particulars, which will 
be treated in confidence, to the 
Personnel Department, Plessey 
Nucleonics Limited, Weedon 
Road, Northampton. 

















A.E.1.-JOHN THOMPSON 
NUCLEAR ENERGY COMPANY 
LIMITED 
RADBROKE HALL, KNUTSFORD, 

CHESHIRE 


MECHANICAL ENGINEER 


Applications are invited from 
Mechanical Engineers for work con- 
nected with the assessment of the 
safety and operating characteristics of 
nuclear power plants, Some previous 
experience of general industrial practice 
or research is essential Applicants 
must also have a good mathematical 
background together with an interest in 
thermodynamics and fluid flow theory 


The offices are situated in Knutsford, 
and the Company provides transport 
from the Stretford / Sale / Altrincham 
areas and there are first class dining 
facilities. This position is on the per- 
manent staff and there is a contributory 
Pension scheme in operation, 


Application should be made to the 
Chiet Engineer, quoting reference 
JRMS/JMY 




















Telephone your classified 





ADVERTISEMENTS| 








SITUATIONS VACANT 





PLESSEY NUCLEONICS 
LTD., NORTHAMPTON 
PROJECT LEADERS 
Plessey Nucleonics Ltd have 
vacancies for a number of 
PHYSICISTS to work as pro- 
ject leaders in the develop- 
ment of applications of 
nuclear physics. Applicants 
should have a good academic 
background and at least five 
years experience in research 
or development, and should 
be capable of taking com- 
plete charge of project and 
co-ordinating the activities of 


junior staff and associated 
groups. Experience in_ the 
field of nuclear physics 


would be an asset and some 
engineering background is de- 
sirable together with the 
ability to correlate theoretical 
and experimental _ studies. 
Attractive salaries and work- 
ing conditions offered and 
the posts offer considerable 
scope for advancement. 
Applications to The Person- 
nel Manager, Plessey Nucle- 
onics Ltd., Weedon Road, 
Northampton. 














EKCO ELECTRONICS LTD., 
offer an opportunity on the 
Sales side of their rapidly ex- 
panding industry for a progres- 
sive man, with some knowledge 
of Physics or Chemistry. After 
a period of training, applicants 
will be employed to contact 
hospitals, universities, research 
laboratories and industrial cor- 
cerns, to discuss nucleonic 
applications. The post will have 
the backing of widely experi- 
enced technical staff. Appli- 
cants should have good person- 
ality and address. Write giving 








THE ATOMIC ENERGY | 
ESTABLISHMENT, | 
WINFRITH, DORSET 
requires an | 
INFORMATION 

| 

| | 
} 
| 

| 


OFFICER 


His duties would be prim- 
arily in the reactor field and 
he should have the ability 
to acquire a wide overall 
grasp of reactor technology 
and to keep up with ad- 
vances in.the subject so that 
he can provide literature 
surveys and assessment re- 
ports. He would work in 
collaboration with the Tech- 
nical Information Office at 
Harwell, whose services he 
would use, and would con- 
trol the information services 
in the Reactor Division. 
Qualifications are a good 
honours degree in Mathe- 
matics, Physics, Chemistry 
or Engineering and some | 
years of suitable post gradu- | 
ate experience. Ability to 
prepare reports is important. 
Previous knowledge, both 
of reactors and of technical 
information work would be | 
useful, but is not essential 
as training could be pro- 
vided. 
Salary £1,215—£1,425 p.a. 
Send POST CARD for Appli- | 
cation form to Group Re- 
cruitment Officer (W38/202), 
| 
| 





U.K.A.E.A., A.E.R.E., 
Harwell, Didcot, Berks. 














rECHNICAI ASSISTANT REQUIRED 
TO BUILD UP A LIBRARY OF TECH- 
NICAL AND SCIENTIFIC INFORMA- 
TION RELATING TO THE APPLICA- 


TIONS OF NUCLEAR ENERGY IN 
MEDICINE AND 


SCIENTIFIC EDUCATIONAL BACK- 
GROUND AND A KNOWLEDGE OF 
GERMAN IS DESIRABLE BUT NOT 


INDUSTRY. A_ | 
| 




















details of education experi- ESSENTIAL. Apply giving details of 
advertisement to ence, age and salary required | coe Gr ey — to Neder 
to Personnel Manager Engineering Limited, Woolwich Road, 
: , ondo S.E.7. 
MUSEUM 8252 Southend-on-Sea. Lenton, S 
' 
= NUCLEAR POWER November 1958 
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SITUATIONS VACANT (Continued) 











LINEAGE ANNOUNCEMENT RATES :— 4 


BOX Nos. :— 
COPY DATE :— 


1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. inch 


1/- extra will be charged 


Advertisements for December issue to be received not later than November 12. 


CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES :— 


- per line. 5%, discount 6 insertions, 10% discount 12 insertions 











THE NUCLEAR 
POWER PLANT 
COMPANY LIMITED 
requires 
PHYSICISTS, 
THEORETICAL 
PHYSICISTS, 
and 
MATHEMATICIANS 


to work on_ problems 
associated with the design 


of nuclear power stations. 


Candidates should have 
at least a second-class 
Honours Degree and for 
certain posts a knowledge 
of reactor or nuclear 


physics is desirable. 


The company operates a 
contributory pension 
scheme and _ assistance 
with house purchase is 
given to married men. 

Applications, giving age, 
qualifications and experi- 
ence, should be sent to:- 


The Secretary, 
The Nuclear Plant 
Co., Ltd., 
Booths Hall, 
Knutsford, 
Cheshire. 
Quoting Reference 
NP/PHYS/57 





CENTRAL ELECTRICITY 
GENERATING BOARD 
MATHEMATICIAN 
(SCIENTIST) 
required in 
RESEARCH AND 
DEVELOPMENT 
DEPARTMENT 
at Headquarters in London to 
assist in assessing and improv- 
ing methods of experiment in 
a wide range of subjects, con- 
cerned principally with power 
station operation. Statistical de- 
sign and analysis will be an 
important, although not exclu- 
sive, feature of the duties. Can- 
didates should have a degree 
in mathematics and an interest 
in its applied rather than its 
pure aspects, Experience in the 
Electricity Supply Industry or 
of working with engineers or 
scientists will be an advantage. 
The salary will be on a scale 
within the range £1,210-£1,795 
p.a. according to duties and 
responsibilities. Applications 
stating age, qualifications, ex- 
perience, present position and 
salary should be forwarded to 
I. G. Ellis, Personnel Officer, 24/30 
Holborn, London, F.C.1, by 27th Octo- 


ber. Please mark envelopes ** Confiden- 
tial.”” Ref. NP/308. 

















CAPACITY AVAILABLE 





LPHAMIN LIMITED.—A complete 

design and fabrication service avail- 
able for all types of aluminium and steel 
fabrication including welding by Argon- 
arc process. We have considerable 
design experience and would welcome 
your enquiries. 4 Dunston _ Street, 
Kingsland Road, London, E.8. Phone 
CLIssold 4161. 





LECTROPOLISHING—specialists in 

electro-polishing of all sizes of stain- 
less steel fabrications at greatly reduced 
cost compared with mechanical polishing. 
Fully approved for Atomic Energy work. 
Electropol Processing Ltd., Trading 
Estate, Farnham, Surrey. 








PRECISION TURNED PARTS 
A.LD., ane. CHA ond TEN. approved. 


AYLESBURY TURNED PARTS 
(True Screws) LIMITED 


Britannia Works, Britannia St., Aylesbury, 
Bucks. Tel.: Aylesbury 2424 (3 lires). 








CAPACITY AVAILABLE (contd.) 








PRESSINGS IN ALL 
METALS 


up to 60 tons 


Press tools manufactured in 
our own toolroom. Light 
assemblies :— 


Domestic, Electrical and Mech- 
anical. All finishes, A.I.D, and 
A.R.B. approved. Advice and 
estimates given free. 
Inquiries to: 
METAL COMPONENTS LTD. 
DOLPHIN ROAD, 
SHOREHAM-BY-SEA, Sussex 


Telephone: 
Shoreham-by-Sea 2224-5 














METAL SPINNINGS to requirements. 
AID approved. Martin-Golod Ltd, May- 
bury Gardens, NW10. WiLlesden 3888. 





MODELS 





MODELS for planning 
MODELS for prestige 
MODELS for instruction 
MODELS for experimenting 
MODELS can save wear and 
tear amongst personnel and 
thousands of pounds worth of 

time and material. 

MODELS can be an invaluable 
aid to sales staff. 

RICHARD DENDY & ASSO- 
CIATES of 4, 5 & 6 Seaton 
Place, Hampstead Road, Lon- 
don N.W.1. EUSton 7617 are 
makers of fine MODELS and 
invite your enquiries. 





BUSINESS OPPORTUNITIES 








MEASURING EQUIPMENT 


Small group of companies 
establishing itself in nuclear 
field wishes to absorb company 
making nuclear measuring 
equipment whose management 
can remain to assist in group 
development. Factory space 
available. 

Write Box OC/40, 

c/o 95 Bishopsgate, 

London, E.C.2. 
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Palatine Tool & Engineering Co (Surbiton) Ltd 
Pascall Engineering Co Ltd, The 

Payne & Griffiths Ltd 

Pilkington Bros Ltd 

Plessey Nucleonics Ltd 

Power Auxiliaries Ltd 

Premier Cooler & Engineering Co Ltd 
Pressure Control Ltd 


Rawiplug Co Ltd, The 
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Savage & Parsons Ltd 

Screw Machine Products Ltd 
Simmonds Ltd, L. E. 

Simplifix Couplings Ltd 
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Steels Engineering Installations Ltd 
Steels Engineering Products Ltd 
Stephen & Co Ltd, R. A. 
Stonebridge Electrical Co Ltd 
Stream-Line Filters Ltd 

Suffolk tron Foundry (1920) Ltd 


Texas Instruments Ltd 

Thornborough & Son (Manchester) Ltd 
Thos Firth & John Brown Ltd 

Tubela Engineering Co Ltd 

Turners Film Productions 


United Nations 


Van Nostrand 
Versil Ltd 
Vokes Ltd 


Wakefield-Dick Industrial Oils Ltd 
Watson & Co Ltd, Robert 

Weir Ltd, G. & J. 
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Wilmot Breeden Ltd 

Winston Electronics Ltd 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 


ROUND and HEXAGON BAR 


PROFILES CUT TO ANY THICKNESS OR SIZE 
CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 
STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. 'phone 1522/23. 
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NUCLEAR 
POWER 





Many processes involve 
moving or compressing gases, 
transferring heat 
from one fluid to another, 


or cleaning §ases. 


Whatever the requirements may be, Howden, 

specialists in the design and manufacture of 

the necessary equipment, are confident of 
their ability to meet them. 


HMOVVDEN 


JAMES HOWDEN & COMPANY LIMITED 


195, SCOTLAND STREET, GLASGOW, C5, and 
15, GROSVENOR PLACE, LONDON, S.W.1I. 





NuclearPower 
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REMOTE HANDLING EQUIPMENT 


SAVAGE AND PARSONS LIMITED 








